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FOREWORD

A number of peoplo have cooporatnd in the rosearch roeportod kere and
1t would ha diffioult Lo asoign nole orodit or roaponsibility for any part
of the work to any ono of thoms Howoveyr, thoro hos of courss boen division
of tabor acvording to the spoolal qualiflcations and intverusto of oach,

Professor i, C. Davis oarrded most of the load whors knowledp: of
phyaiolopical ronponsog and motheds of rucording and exporimonting upon
thor was neeonsary,  The etatistical knowledpo &F Dr, C¢ Jo Burko was
appiiod to the design of major oxporiments and the loss routine analyscs
of rorulta, Dry I, J, Saltzman organdzod and diructod much of the actuwal
cxperimentation, Captain Dy L. Kookun, chairman of the Indiana Univorseity
Departient of Police Administration, applicd his oxpericnce and knowlcdge
of 1ic duteetion ag it s practiced to koop the foot of tho rust of us
somovhers near the grounde Most of tho dally grind of running subjucts,
callbrating apparatus, and othor necuvesary routines of rosuvarch full to
four praduat. studunts, Hichard Atkinson, Harry Madison, Stanley Ratnor,
and Marvin Dotambol,

No luss important is tho work of thu data analysis staff, too large to
rmantion individually, whoso detailud work of mcasuring thousands of responscs
and manipulating still morc thousands of numbers is roproscnted (in onc
songu, inadequately) by a fow summary tablos and graphs,

The conatruction of the cleectronic cquipment for these studices has
bucn the work of the Elcctronics Department of Indiana University. Tho
solution of many of tho tuchnical problems oncountorcd has coms {rom
fre Ue F, Siddons and Mr. Gorald Stout of that doparimont, and the basie
doslgn of som. of tho instruments was dovelopod by them,

Tho lastv of the Indiana University staff to bo montionod is
irs, Virginia Herron, who wont far beyond routine roquirements in proparing
this rcport for ruproduction.

Two groups outside Indiana University contributed to this resecarch.
Lhaptor ¥ bricfly Summarizus somo of thu cxXploratory WOrK Ofi uyo IGVOmGIiLS

a3 indicaturs of daception carricd out by Dr, James Calwin and

Mr, Frncst Mrmyoers of tho Dopartment of Psychology, Univorsity of Kontucky.
Other wxploratoty investigations which have not buen reported werce done by
Dr. viilliam A, Livingscon at thc Dupertmont of Psychology, Butlor Univorsity,

D, G, Ellson
Projoct Dircctor
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INIRODUC TN

The aim of this research has boon to ilnvestigate teshniques for the
detoctlon of dooepilon in which tho contritution of the human operator o
the administration ol quostions aicl tho intorprotation ¢f response records
ip roduced to a minlmwm and ropeatable routine, As far as possibvle theso
tochniyues of adminiaotration wore poluetod in suoh a way that tho rolevant
mosouros of the ranpongwn of tho porsons balng oxominoed could bo echvertod
to unambipgnous secres and analysod singly or in combination by available
typos of automutio nquipment, Whon thly lo dono it ls popsible to moasure
the sucecas of detwetlon of dusoptlon which is attributable to the techniquas
rathor thaa to the unlque okills of the porticular oporators who intorprot
o roecords.

The ronvarch has not boun limited to tho more or less "gilandard
rogpongo variablue rogordaed by thu sovoral varlotlog of Polygraph new in usud
tho phyaloloical and paychologleal ruscaroh litoratury and othor sourcus
havo Loon oxanihed for sugguotions of othor promising rosponso variablos,
including many wihdenh wore unknown or unmsasurable 29 or 30 yuars ago whon
mogt of the ordginal researoh on "lie dotection' wasm being porformed, This
broadening of the investigation togethor with the requiremont that responso
moasures be objoctive produces a tromondous inerease in the numbar of
variavles which might be investipatod, UYhis means that only a sample (but
a known ono) of possible responss variables can be oxamined, Strictky
spoaking, iherofors, nagative rosulbs in thoe prosont study would mean only
that the particular samplo of variables uxominod was nct useful for tho
detecetioa of duception and would not imply that othcr variaoles uxaminod
with the dotall roquirod for objectlvity would Lo inoffoctive, FPositive
rosults, of courso; apply only to the spucific variables included in tho
validating oxporimonts.,

Tha sclection of variablos investigated on the final ocxperiments of tho
presuny study was based on tho oxamination of roports of pruvious work,
supplemontod by a numboer of oxploratory studics dosigned to provide addi-
tional informatlon concorning operating techniquus and responsc variablos,
Somc of theso wore informdl studios uvilizing a very fow subjeets which
provided information suggustinﬂ modifications of apparatus, procedurcs, or
rasponsy moasurcs, Uther oyp;orauo~y studics wore sufijclcnnly ccmplnto to
asrit reporting. Onu factor doieriining the naturo of those studios was the
order in vhich various units of the c¢xperimentel apparatus became available,

The report conveniontly divides into twe parts. Part I contain
roports of the morc complutc uxploratory studics mentionud abov v, in most of
Wthh a singlo responsc, such as the ge.s.r,, msclc aciion potentials, or

eye movements was cxaminod in rolation to duception, Part II contains two

iz

rclated major ciperimonts in which a numbur of r.spons: variables worc
mansursd eiml tancously and diacassion of ih nh*mi n'lncrinr] and pS}'ChOngiCSl
background which 1niluonCLd Ui, airvic. of “r;ﬂb;us invcstigated in thosc
cxporiments,  In the first  xzporta .o 8. .tunt to which vach variable was
rclated to deceptlon was doeter tod sepmiatldy, In addivion, a ireatment

of the data which we Frawe calloa ¢ isc ddnant analysis was applicd in order
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to d. turmine an optimim welwshding of the vaxlables in cumbinaticn, In the
scaond axpuriment the procedure wae duplicated with a new uroup of subjucts
(and an inereased numbor of repotitions of critioal quosiions) in ordor to

validate the welghis dotormined in the firat,
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CHAPIER I3

VXVLORATORY STUDTES IN THIS DETFUTION OF DECEPTION WITH THK
OLYANTC SKTN RURLEX AS THR 30LE INDICATOR: T. ACCURACY OF
DETECTTON AND THR SPriioP OF REPETTTION

Statonont qf thy Problom

Most commoreial llo-dotoctors measure twn or bhrow rospopdos concurrontly.
One of tho rogmensus umally moasurad 48 tho galvanio olein refloxe For
aovarnl roasana this rogpongo anponars to boe admirably suitod for uso in tho
lowdotnetion pitwition wharn n navien of quantions 1o employed., (1) It is
a rolatively invaluntnry vooponsoy (2) 1t san bo veadily datortod and
megarrats () ity rorctlon tima and ito duration are conveniently shorty and
(11} comluto ndaptaldon of the respense doos not ocowr vory ranidly,

Since tho galvanic akin raflex (horeaftor abbroviatod gig.r,) is
Feequently vaed in actual linsdotoction worle, information abmut the validity
ana rolinb!'ltiy of the rasnanse as an indicator should bo hads To be useful
an an {rdicater ~f lyving, tho per,ve, whan a lying resvwonco 18 made; must bo
relinbly differgnt {rom tho wa8,.re whon a btruthful rasponse 1s made, Tho
murena of s ghudr, then, wan, firat, to find ont whothor tho geoere meots
the roquiremoats of r usaful dndicator, Snocifieally, these guoctions ware
askol: I8 tho pe.g.r. larger when a subjocl tolle o lie than whon Fe tulls
the trmth?  Jscewdly, how ia the roalatlonship votwoon the gize of tho ges.r,
and *“2 truth®™lress of resoene o affoctod by ropotition of the lla-dotection
nroc.adinro?

Apparatus and Subjects

Tao asparatig waz 1 commercinl lic-dotecter menufactured by the B and W
haseciotes, Hchigan Cliy, and cnlled an Tilactroric Psychometor. ‘tho circuit
fer thiz {wrcthimmont 12 unavailable, but some rousgh teoats with an artificial
subjuct indlcale that lis roadinrs aru not badly distorted so long as the
sut Jectt's resistanes is in tho sama rogion. The orror weuld be Joasi,
therafore, in commarisons of within.eitiing vrrirtions in the same supjzct,
This 1s th. sort of comperiegon mads: in tho orosent studios, Teon Indiann

Boivessity undergfaduates sorved as thio subjocts in this oxporimeni,

Procadine

fack ~vbicct wng ~ivon a nencil and » small shueet of wapor on wateh
wore lintad the TMrst gix manths of th: yenr, He wasg asked to ecirele ~ny
one of ib: gix mmthg and to turn the naner over. The merimonter did not
‘mew thich 7 e merths had boon clrcleds Th: subject was then informed
that itk the aid of tho golvanonet.or the cxmorimenter w~s eaine to try to
dige~ve~ which off U mordths hat boen eirclod. He was told that quastions
w=ale b onsked 4a the “erm: "I- 4t Jarmary, 45 it larch, is it May?® Ho
wae Instructe. te enswer fne' t~ aek ovostlon, Tt was pointed out to the

sl dont thet o anoimerdes onch oem cFTan fith Mast ) V0 wpuld bo answoring
truth™ Y Ly en T A the oot oL oand Ut 99 sne o thone




Tae mbjee’ war acriod and an L loctrard waae attached b, e o 1
ind > Mingers, o owaa naked Lo et ap qdetly ae pogsibl>, e oxperimenior
an behvind the avbjeet an tbhat Lho anhjaot could see neithoar Lhe exmportuentor
nor tha raivanomatar,  The queationne uepn askod at a rato of anproximately
onn evary twonty saconds, Thin nllewod suffielont time for the palvanometor
needlo te return to nroequostion level follewang cash rouvponso. The oxperi.
anter recordod tho maximum neadle daflootior followlne cach quostion and
anawer to the noareet quartor of a noaleo wnit,  Bach quontlon was asitnd tiva
timan in an oordor whioh wiag vandom, oxeent that ne quantion was nsked a
gecond Lo hofern all aueations had boon askod onao, ote, Bach block of
sty qeestions eonntitaded ene tdal. Thor, wors mn poot intorvals hutwoon
trinln,

e e ety e tdang had boon ankod, the mibjoet was allowod a
Frv bl rest moriel,  Ho wan thon roquired to ropoab tho whele vroceduro
ththon ponth which e solented from the lant gix wontha of the yoor. Thoao
First Tive fvi-lo of thirty quostions with one month eonatd tutod ono rang
the reormt My rtals wltl anothar month, a Gocond mn,

Rognitn

Fellow'nr the cell »tdon of tha data, tho axperimcnter computud tho
wea e then 3lzo for creh month for aach of tho experimintal runs. ‘tho
manth with the larsest mean dofloctton om each run wil) subaoquontly be
reverred fe ornothe "detaetad” month.,  Tho month that the eubjoet had cirelod
wag aamea the Ygohjoeted! months  Tho dogroa of success in salocting bhe
lving rognova from among tho soveral truthful rosnonsos 'ras indicatod by
the numbor of Yim.s the doetectod and the solocted months wers the same. If
the laracst mean dofloction oceurred with mere than one. menth, nc month was
dusirnoted as the dotectod month, The rosnlta of sach of the runs aro as
Tollows, On the first run, for eight of tho ton subjocts, the solacted and
the detocted menths wera the same. TFor one of th: twe aubiscts where thig
wag a0y s eace, Lhe largest moan defloction was obtained with two mort'.s,
530 no doetectod month war dusipgnated. Onu of those *1o months was the
scloeled morthe  Por the other subject whose dotucted and sclucted monthsn
were not the same, the relecwed month shownd the second lrrgoct mnar d fhcc-
tinn, For all tcn subjects on tho first run tho mean p.se.rs £or the sclocted
month was iarg-r thon the combined mean for all other menths.

On th. n:cond run, for sovon of the tun subicets the detscted and
solgctod monthe woro the same, Of the three subjcate whire this war aot tho
case, tuo vere the srbicets whoso dztectad and soloetad monthz were ddffaront
om th Tlrst run. The soluctod month fthowed tho corand 1;\_1‘3955; ror.r, lov

tuo of those threr sutiocta,  The solectod month showed the rmallest gesore

4l len.t mmeelnd. Al Nesimmen

£one 31 :
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all subj cte ~howed 2 larper mean g.s.r. than the combine! moan pes.r. oF
all olther mentha,
fm th hacie of chance alane, T30 the select.d and dotected
morthe e e the seme in anpraxiactolsr 179 of the eases. Th cxperinantal
iy
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For <11 subjoets tho soloetion of thoe detoctod menth warn made on the
baals of the mean of all five trials, Tabla T indicntas the perconi of
TABLE I
THE PERCENT OF SUCORSIFUL DETROTTONS
WITH NT™RERENT 1UIMIERS o 'PRIAS
= Tl teinl | Monn of 1% | Moan of 1ot | Moan af 1ot | Mean of ail
Rur omlyr tuo trinle thron trdals four trinls five trinle
Ta ) 80 A0 80 0
2e 70 e 50 9] 0

meccrgoz thal wonld Ly obtalned 4L only tho soores from tha firot trial
were voeds Alzo indlented arve pereocnts of sueocngus thalt would bo oblainod
if the means of the first twe, the firgt throo, the fivst lour, and all Llve
triala are usod.

Discuasglon

The first nin of this study was Lo find out how successflly a lying
rasponasc cnn bo selected from among soveral truthful responsos with tho
amplitude of the p.o.re a8 tho only indicator, This exporimental situntion
1a obviously Aifforent {rom tho tywical lic~dotoction situation whera the
obj.ct 1s te disecovor whethor or not a particular respense is a lying
resnwonsc.  In the axperimental sitnation, the exporimontor knows that ono,
and only on., of the six rosponses is a lying rosponsc. In acturl lic~
doteetion warl; the opurator frcos a d4ffcrontly structured situatien., MNone
of the resvonses may be lying responscse ovortholoss, tho oxperimentel
data re relovant fer nctunl lis=det.ction, I the cxperimontor can idontify
the lving roavonise with n large majority of the subjocts, it means that the
#elo e 1 nuunlly larger whon a lying roasponsc is made than whan a truthful
ragponae io made, Tho oporator in the aetunl licedntction aituation; thon,
could be advised Lo usce the ge.8.r. 28 an indlcator. If, on the othor hand,
ther: 18 no rolaticngship botwe.n the size of the gesere and the truthfulness
of a responce, then it perhanc would noi be orofitablc to usc the gesS.r. no
PR R TIEY )
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"™c resuite T the study indicato that solections of the lying respense
car, be niade with auch botter than chanco guccasse In othor vords, the g.s.r.
s nmially larrer when o subiject tolls 2 1io than when hz tells the truth,
‘mothe heeie of those eeaults, then, o c-mmot say that 1t is inadvisable to
re » n indierter F -ripe,

(TR 8 2Y - e
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thx L .

Sines il ehere Trr the Yove 1voarenae was net the largest gesavs for
At T the ot iets, 1t mast b cecersed that the amplitude «f the g.3.r6 is
cortadniy st oan infailibl indtenstor of 1lyivegs Tt 1is concodvabla that
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thor. i a pemalation of individuals for vhich the gaoerse in not » maftond
mieator,  From eur rasulis this nopularien appoare to be smalloy than the
nepulntisn of individenls for vwhich the gesers may be n euilable indierlor,
The findings of thu sooend run of this exporinent may b intornreted o
supmort this netlon that individuala {all into one or the other of two groups
on tho baslo of Lholr gerets  OF tho throo subjestn whoso lovgest gefers was
not ebtained following the lying raspemgse on the gecend run, btwo wore tho

same onbjeots with whom the samo thing was found on the Clrot run, With only

one subject, thon, wag tho largest geners ot Yound with tho lydng rosponse
on the socond ran aftor 14 had provieusiy bYoon fonnd with tho lying response
on thu Livot rune Thoso vosulta oupuoast that the nener. constotently tdontd-
fMan or falle to identity tha Tyine roaoponso In a civon individual, More
data will have 4o ba obtained to dotormine whether conuinteney of this nort
is acoddanhnl ar tynieal, I this netlon of two nopulations turne cut to bo
eorrachk, it will ho of oot practionl value to know dn which pepulabtlon an
individuel bolengn befora tho peners 1o usod ao on indlontor with that
tudivddunl,

Td4tla affact of ang repntition of the progodura on tho suoscosa of
agolacting the lying vesponse wao found, Tho poroent off correct ldontifica-
tdonn dropped a1 phtly from 80X to 7M.  Just what offeot additiensl ropoti-
tieng of tho procodure might have camnot bhe atatod without furthor oxwordi-
nontation, Ar for tho offoct of remacting tho quogtions within onn run,
although the 4fferenee obtainod Lotwoon owr fiiraet trianl and tho socond 1is
not ralinblof 1t appozrs thaab on thoe first rin; at Joast two ranstitions ore
advisable, “urthor ronotitions had no effect on tho success of datection,
The picture 1s not so olear on the secend run, wharoe no consigtont trond
anponrg from bria. to trial.

Summary and CGonecluaions

Ten Indiana Univorslty undargeaduatos oerved ag subjects in this
cxnariment, Tho subjocks soloctod a month from tho first uix months of the
vaar and thon were askad auestions nbout the months, Tho subjects were
inctructod to ansuer cach of tho gquastiona in tho nogative. 7hu questions
wora askod at a rate of sbout ona evory twonby seconds and wore phrasnd so
that the subjocts answarod truthfully on all of the quostions bul cone. Six
difforont questions wore aslod and they wore ropeatod fivo times in a quasi-
random ordors Tho size of the gnlvanic skin roflox followring cach questicn
and answor was recorded., Aftor a fivs minuwte rest the precedure was ropaatad
with a month solected {rom tho socond gix months of the year. The resultis
wore as foliown: with oight of the subjects on the first run and with seven
of the nubjects on the socond run the largest mean gnlvanic skin raflox
Pollovcd the lying reononeezs It ls concludod that: (1) the gnlvanic skir
reflox s srebally nosuitablo indiestor of lyint for a large population of
individuals; {2) it ig nrobubly not a saitablo indicator for o different,
smrllor porulation of individuals; and 1 3) ono renctitien of the detection
rroacedure doco not neticoably ~ffcet +ho success of tho g8 a8 an
indicator.
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CHAPTER IIIX

FXPLORATORY STUDLRS TN THI' DETGTION OF DEGEITICN nme i
QALVAMTC SKTH FEPLEX *3 THW SOLE T*DIC.TOR., IV, FFRRCTS
OF KNOWLERDW OF SUCNEAS OR FATLURE OF S IRCTTOM TN
SUDSEQUENT AU00mas o DEIreyTon

Statumont of tho Problom

In our fleat Anvartigation of the palvenio skin raflax (heronftox
abbroviatod r,n,0,) ag moindloater ol lyin: rosponnon, 14 wan found that
vhon aix gimilor vorbal cosnongon are mada in a sdtuatdon whore me o tho
rosvwonsan 1n a lying ronpenan and tho cther f4ve aro truthlinl rospongos,
e Tying rogmeore can bo fdentd f1od with mich botbar Lhan olinnoe succons.
Tha 1ying veoponan wan correotly idontdfiod on tho Lasin of tha nilva of the
fetars with olpht o tha ton ovbjocts wsod In the atudys TF wan furthor
dlacovorad that whon the dotootlon proocsdure was ropsoetod, tha nuber of
failuran to deteet tho Iving rosnonge inoroaned from two to throa,.

In tho abew, sentieoned atady, tho subjoots woroe net told boforc the
renetition o tho nrotedure whothor tho Mrat attempt at detectlon had been
succonsful, Undor these conditlona (with o subjeote Lgnerant of the
reenlta of the first attompt) tho ges.rs fatlod to indicato the Lying
rommonge with only one of tho alght subjocts with whom it proviously had
auccagsfully indicrted tho Llyine responso, In the typloal lle~detection
situation, however, whon there is occasion to repoat tha protoeduras, the
ambjoct usually knows whathar or not tho firsl attempt was succesaful. Ag
a mattor of fact, it is often the practice of lie-detoctor onorators to
malks a preliminary run with nonerclevant matorial with tho expross purpose
of convineing the "subjoct! that the apparatus deoo work, that is, that the
lying resnenso can be identified, ©Ofton tho operator has the subject select
a card from a dack of playing cards; thon, with the subject instructed to
1ic about the curd, he wvrocoads to idontify the lying response and thercby
the card, The assumptlon undorlying this kind of wmractice must be that
convincing a subject that the lle-dot 2tor works, makes it more likely that
the lio~datoctor wi®l work. Thore are no exmorimental data to support or
rofute this asoumptlon. The prosent study was desimmod to provide such datas
Snecifically, this queastion was askaed: wnat offect deas a subjectts know-
lodge of the succoss of an abbompt to detact one lie have upon the success
of a asccond attonmt with that subjuct? It was desijpned to provide informa-
tion about tho cffeocts on tho success of a sgcond lio-detection attompt of
(1) revemling Lo tho subjoct, just befors the boslnning of +the second attempt,
that a succcssfu) {irst attempt had been made, and (2) revealing to the
subjoct Jusi hofere tho beginning of the second attempt, that the first
attempt had been unsucceossful,

In addition to oroviding us with somec data on tho offects of giving
inforaation on the sucecss of a provious attampt at detection on a subsagquont
attompt, this axweriment also serves to provido additional data on the
adequacy of the m.8.r. 22 an inticator of lylng responsa.

Apparatvs and Suvjacts

Tha amparatus wau thoe same B oard ' Associatots llo-dotector used in our
first gtudy, Twenty-throc Indiann tinjversity undurgraduates, oloven in one
reoup and tuclve io anothar, sorved as tho subjecte in thisz ctedy,
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e subjoehs were oroigned Lo oithor ono o the nthor of two erouns in
the ordar of thair apwoaranéc, The 1pitlal troatwent of the subjects in both
rroung wan tho samo. Wacn subjeot wan pglven a poneil and a small shoot of
pamar on whish wore listad the fivet slx months of the your, He wan asked
to cirele any one of tha adx montha and to turn tho papor over. The exnori~-
aontar d4d not know vhiah of tha monthn had boan airalod. Tha subject was
thon informod that with the ald of tho galvancmobtor the exporimonter wae
eoine to try to Macevar whiah ano of tho monthn had boon aipalnd, Ho wuns
told that queationn would bo anlod dn the forms  "Ta it Fobruwary, An Lt
April, 1o 1t muasy, o0 2" Ho wao dnatructed to answor "no!' Lo each
gqreation. 11 wan nointod ent to thoe subjnot that by anowaring cach questlon

wikh "uat, o would ha aroworing truthfuwlly to five of tho quostions and iying

on one of bthew,

The mibjnet was soeatnd aud an vlactrodo was attached te gach of his
index Tlopora. He waa asked Lo olt ag quietly as nogsiblo. Tho exnerimentor
aat bohind the mbject an Shat the aabiset sonld zae noeithoy the oxnorimenter
nor the palvanometor, The Jwetisie tera ankod aoe a rate of avproximatoly
one cverv twenty sueondn, allowing suffielont tdme for the galvaromoter
qeadle Lo redurn Lo oro-quastion lovel following oach sespenss. The exmeri-
menter rocor lod the mazimm nesdlo dofloction lollowing ecach question and
ane e Lo the naarast quarter ~f a scalo wnib, Tach quentlon was asked iive
times in an srdar whieh wea vandom exeapt that no question was asked a socond
time mtil all questions had hoon askad ones, ote, Rach block of oix
quastions constiinted ong trial, ‘There woro no rost intervals bBastween
successive trials,

Afler the thirty quogtions had bheen askod, the subject was allowed a
fiv. nimute roest poriod. During the rest period, the exmerimenter computed
the moan deflection size for each of the months, At tho close of the roat
neried, the experimentor annonced to the subject the month which ho gaid
he belicer ! {ho sublect had circled, It wag abt this woint that the procedure
for the two ~roups difforod, For the subjects in Grovp I, the month that
was announced was tho ona which the axperimonter believed the subject had
civrcled -= the manth uith the largest mean ge.ge.r. For tho subjects in
Oreun I, the monbth announced was a month which the oxporimentor belicvad
tha subject had not circlod ~~ the month with the smnllest mean #.8.r. Vhen
the cancunced month and the month that had been circled wore tho somo, tho
facl thet a ~ucecuaaful detoction had been macde was pointed out to tho mbject.
Sinilarly, when iho announced month and ths month that had heor circled wore
not th oane, the foct that the attempd at detection had not boen succoss{nl
was pointd eutl to th. subject, Aftor the statemant by the axporimonter
about. the ence as or failura of tho detection attempt, all subjerts in both
provna vore reguired te roaveot the nroceduvrc with anothar month walch the
sibjoct selocted from the last six wonths of the year. Aftor the second
seriar of 1ive trials (thirty questions), thn subjects wore dicmissed: The
e¥per imenter then commuted the mean g.s.r. for cach of thesc months. Tho
firce serics of five trials congtitutod ths first run; the secnnd sorics of
five trials cenatituted the gocoad run,
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indicator of 1lviar, it was found that on the first run nine of the eleven
subjecls in Arour. T and nine of the twelve subjocts in Oroup II showed their

largest maean mW0.v. on the lying response,
the ten snbjecte f'rem the firast study.

This was the case with eight of
The percent of subjects in oach aroup

vhore thw larvest moan go5,.r. 18 asgociated with the lving responge ls similar

for all three pgrouna:

82%, 754 and 80%. The g.s.r. i3 a succeasful indicator

of lying with 79% of the subjects from the three grouns combined.

The nercent ~f subjects vhers the largest mean g.s.r. 18 associnted
with the lving response on the second run is noticeably Aifforent in each
rroup:  27¢ and A83% for the two groups in this oxperiment, and 70% for the
rroup {rom the meoviour study.,
thrag prouns on the aecond run is obtained when we look at the success of
the gesere in indlenting the lylng response on the second run with only
tho=a subjects whose lying respenses on the first run had baen correctly
identified, The group of sabjects that was ignorant of the success or
fajlure of the first detection {Groun ITT) and ithe proup of subjecis which
was miginfrrmod and led to believe that tho first detection had been a

Perhape a nmore meaningful comparigon of the

fatlure (Aroun TIV, both chow about the same vercent of corroct detections:
88% and £9%, rosnectively. With only one of eiprht subjects in Group IIT and
aa af nine in Aronp IT were the 1lying rencmonses undetected on the second run

- - Lo RO X % - S

after thoy had boen successfully dotacted on the first run. However, with
only throae of the nine subjects of Croun I whe hod beon correctly informed

it a secoscful detection had been made on the first mm, worc successful

dotections made on the seesnd run,




The table alae shows the rovuatse Por the subjocte whoae 1lying veqpone
do not Jhiow thae maxirnum geoare With only tws of theno rovep sobjects with
whoin ineerract detactions wers made on Lhe first run, were correct Jdetection:
mide on the sacond run,

Tha numbar of successful deteetlona Lased o the scorews oom the first
trial, ihe weans of the firat two, the firat thu @, the firet four, and all
fiva triale aro shown in Tablo TI. In all instonoen tho groatost numbor of
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successes, on the Tirst run, iz obiained when the mean of all five trials is
nseds  On the gecond run, no consgistont nicture ls cobtainod.
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Combtvining the resulits of thiz aod the provicus stndy, wo find thot the
feSeTs was successini in 26 of 33 atlompts, or in 79% of hc cancs. On a
chance basis we should expect the largest wean g.s.r. to be asgoclated with
tae 1ying resnense an approxiaately L7% of the cases -~ {ive or gix snccesses
in 33 attomts. The ohtained results indicate that with 79% of tha nopulatlon
ueed ‘n thage tun rindies, tha g.rers io a suceassful indicator of Llying
recoons +3,

"o rata of these tue giidics combined indicate that:

1} Success on ecne attennt at debection wit: the g.s.r. alone is very
to be follound by a svconl, nnleas the subjset is told that the first
t was succasafal, and

2) Failurs on 2 Piret m rommt 1g likely teo be followed by failure on 2

n
sceco 1, resardless of information miven to +hc subjecf.

{
Likedy
attom

(

The subjects in those exrerimonis wore collepe students. In this
rorulation it ampeare that thare are some individuals for whom the g.s.r. is
not » suiteble indicator. 8ince thir nonulodvion appears to he much smaller
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than the mepulation for whilch the 7.7,ve 1a ofTeclive, theae ronulyn may bo
cencidorad encouracing and surpondh Fallow-un gludies on other and larger
=onulations uwnmin(np olher Taborstery lytne aifuations ag woll an non-
Taboratery Tving tituations, T the resalie obtainod in thoso studics can
he rdimlieatoed with other, larpor vovulallonn, thon a nraslinedetootion tost
nlilizine thoe pau,re might o valuablo an atandapd precodure te delormine
vhethar or not th geaers thorld Do uned with mgedf4o dnddvriduals in actual

THo~dotontton attuatisnn,

Jumary and Gope Juadona

Teen® =throe Tudiana Y"nivaretty aslorgreaduaton aorved an oubinots 1
thie omertaents AT 23 aubdocets aolocbkod a month Crom the (irol pix wonths
ol the vear and thes weopa acked quentions aboul Lhe montho.  The subjnota
dere fnabrueted Lo anmer eoch ol the quaestiona 4n bho negatives Tho quog-
thons wore asled b o orate of ono cvary "0 sosonds and woro phraned so that
ae b feeta mntered truthfelly on oall of the questions bub one. Six
dEET eont que st rons wore asked and thoy were renoatod £3ve timon n o quasi-
ravdon opders The nbie of the ealvanie skin reflox followine oach queation
i was rocorded,  ATor a Tiva minudie et 9 of tho 11 mibjocts in
iron T owere told that the month vhich thoy had noloeted hind boon dotectod
Liothe guerimeniers Hne of the 12 gubjoeta in Oroup IT wore told that tho
weeth b et dh0v had scloctod had not beon detocted by the uxpoarimenter,

Thee neocodure wis thon ropeated with a month ascloctod from the second six
nontha of th yenr, The reeulis show that success on one attemot at the

dctect fon with Lthe maaers alone 1s vory Likely to be followsd Ly a second
muceasnn, uniess the sabjoet 1z told that the {irst altompt was suwecossful.
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CHAPTER IV

EXPLORATORY STUDT=M TN THE DETECTION OF DRCEPTION
WITH THE GALVANTG SKIN REFLEX A3 TUE SOLE INDIOATOR:
TTI, THE NATURE OF TUE RESPONAE 70 THUE STIMULUS QURSTTONS

Tho nrocodure that wan unnd in our first two studios to dotormine the |
ugafulnoan of tho salvanie akin roflex (horoaftor abbroviated geo.r.) as an
indicator of lyinp rvesponses wan ono whiloh roquirod the subjoots to answor
all the quostions which ware asked by tho oxperimontor with the samo rosnonge,
"no"« The axmarimontal altuation was dosignod and the quostlons wore phrasod
so that tho answory ta five of wix quoations wore truthful answers. 'The
anowar to ono of the olx quontlonn wao a lylng onowor. Tho deolston to
follow thic “wncodure was an arbitrary ona.  Howovor, tho choice was
apparontly a fortunale onn, sihco n large majorlty of tho dotootions wore
aecanygfal,

Tha nrosort otudy reprosonta a firot attemot at gotting an answor to
tho nrohlem of the immortenco of the vesvonosn itsolfl in detocting lying
rospongoc. Four diffevant kinds of response gituations were selected for
atu lys  Cne atluatlon dupllicated the procudure that was found to be snccessful
in our firnt studles: ths subjects wore roquirad to answar all questions in i
the nepgative, thorehy lying o only one of the four questions and telling '
the truth on the other threo, Anobther situation required the subjects to
answer all four quostions in the affirmative, thersby lyinpg on three of the
four questione and telling the trath on one of them. A third situation
required the subjocts to remain gilent whon the questions were asked and a
fourth situation allowod the subjects to anowor the questions as they chose
with elther Yyes" or 'neh, The oxporimeont was designed to provide a means
for evaluatine the role of tho rcsponse in the lis-detection situation,

o e — -

Apparatus and Subjects

The anvaratus was the ONR laboratory galvancmeter described elsewhere
(Davis) in conjunciicn wish an Bstorline-Angus recorder. The subjocts wore
eight Indiana University undergraduatos.

Procaduro

Fach of the response situations was assignoed a letter as follows:
A: "no" tec each question; P: '"no" or "yes" at the subject's discretion;
C: Yyos" to each question; and D:  no responses at all to the questions. A
four by four Latin Squara Nesign was used with one replications The foliow-
ing squares worzs used:

Square I Sauarc II
Subjacts Order Subjects Ordey
st 2nd  3rd  Lth st 2nd 3rd Lth
1 B D A ¢ g D B A C
2 L A C B 6 c D B A
3 c B D A 7 A G D B
I A C B D 8 B A C 3]
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The gubjactae were aggipnod mumbera in t'w ordor of thelr aopoarance for
the ~xperiment, Fach aubijeed weg nontud in a comfortable armchalr and was
teld to relax for covoral minvtea.  Thon an oloeetrodoe was sattachod to cach
af his palma, Noxt tho sabjucl waa shewn a sheot of paper with the months
of tho yoar wiitton in order in throo croupg of fonr menthe aach, The
subijuct was ashod Lo {ndleato which proun of Cour wonths ineluded his birth
month, withent rovealing Lo tho ~xporimentor whioh ano of tho four montha
war e birth aothy The fallewine Incteaetions wara then voad to tho
sub ject:

v means of thig sooseatus Loam colne to ey to detormine
the month n® venre birdh, Your job in Lo koup mo tfrom detnotine
rour Divth monthe Yo aro gotme to o avar the List of Lour
aontha govoral timen undor sevoral condlitlong and thon T will
o1l ooy Eh e aenth itol T think e pour birth month.  During
tho questoont- ¢ Ly vory dmonrtant that you do not move. Alse,
T vould 'k vev to lroap your cyan closod during tho quostiondnge
My quaaltonms?

Thr gubjeet wan nllernd to rolax npaln fov about ono mimte whilo the
sngrimentar adjuat b the apparatun. Thon the inobructions for the first
kind ® regponne ware piven to the subjloct, Tho differant oriors in which
the fony regponoe gituations wopra used with the diffareont subjects wore
dictatad by the Loatin Squg‘pg.

After Lhe mubject had received instructions about the kind of responso
hu was e mala to the quostions, the cxmorimentatica was begu. The qucstions
wore always ast.d in the form: "Woro you born in ™ An Intere
quostion intorval of apnroximstely 30 scconds wns usod. baoh question was
asked twice, in an order which was random excont that no quostion wes askod
a econd time before all four quostions had besn asked onco. Eaca tlock of
frar questlons congtituted onn trial. There was no brooak between the two
trials with a given resnonse aituation. After the sccond trial with a given
resnons . situnotion the subjoct was asked to opon his oyes and he was
inctructed on the noxt resnonsc gituation. An intorval of approximatcly two
minutes clanscd b twnon snceogslvo resvonge situations. When the lest
rosocns. siithation was commloted, the oxperimenter made a puess about tho
mbject!s bires month and thon found out the actual birth month by asking
the suhjact.

Rosults

The meanr #.5.re for cncn of tho four gquostions under aach of the four
rasense eonditions wag compuicd, On tho basis of chance factors nlono, we
miphl Cipoet al with cach resoonss situation the largest mean g.s.r, would
ncour with the birth month question in oric out of four instancez. In our
2anorimontal situstion, thon, we night cxapoet, by chance, 4o find the largest
NAN 7e8are aAstacintod rith tha birth menth for two of the eight subjects
mnder onch of the eendd tions, The regolis of the study show that with only
onu »f the fenr resoonce conditions studied wac tho number of such occur-
renc s rooter than two.  This coccurred thon the subjecets wore roquired to
ronly in e negstive to nll of the questions, theraby lying only on tho
Srth morth quest.'ome Four of the cight subjects, whan run under thesc
conitiong of .- oooadine, ghowed their highest moan ges.r. on the birth
menvh meestion. ©ocannot roject the hydotheeies that this whe a chance
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rasult, howovor (p = .126). Whon thu subjects wora require! to rospond in
the affirmotivo to all the quontions, thoreby lylug on all quustions cxcept
the birth moibh quostion, only two of tho oight subjoots showed their
highost moan g.s.rs on the birth month question. 8inco, undor those condi-
tione, tho roanmonse to the birth month quostion was tho only truthful
rosnonon, it might bo oxooctud that tho umpllost moan ge8.rs, rather than
tho largont, would occocur on tho Lirth month ¢uestion. Tho rosults show that
with nono of tha gubjoots did tho smallool moan ge8ere ooour with the birth
month quostion. Whon tho suhjects wore roquired to romain silont during the
gquantioning, {1 was Tound that with only one of tho olght eubjoots wus the
larpost mean mea.re asgoointod with the birth month quostion. And whon the
aubjocta, at thoir own dlcoretion, ronliod with olthor "no! or Yyash, it
vas found that with only two of the oight asubjoots did tho largoat monn
Ce0,Te acaur with tho birth month quostions Since no roovord of the verbal
rc aoonar 11 wag taken 1t d# net known on whioch of tho gquostiond thu subjocis
14 or told the truth undor thoso conditions of rosponding,

Disecussion

Tn owr provious studics with tho gesers cho nrocodure that was adopted
requiral tho subjeets to angwor all quostiona with 'no", so that only onc
Lrine respora. and sovaral truthful rogponses woro made. With {his preceduro,
A-tuctiors of tha lydnig rognonses vore made with mach bettor than chanco
suncees == 79% suecaestMl dotectiong, Those studios did not indicate, how-
avor; whethor the number of svuacogssos was affootod by the rasponse that tho
subjocts wore roquired tn malko, The nrosent study seoms to inlicate, though
not. concinajvoly, that tho 1ind of reoponse was an Important factor in
nroducing the hish pronertion of succeasful detoctlons. In the presont
study bottor than chence resulis wors obtainud, although not significantly
bottor, only for the procedure roquiring the samo response as in the carlier
studics, Tt appears that in ordor to identify with Lottor than chance
sicersg the month that the sublects scloct, 1t is necossary that the yubjects
reply vorbally to the questions as they are askod, And the sitvation should
be ono whore all rosnonses to questions are truthful rosponses except the
rosnonscs about the snecific month selzctod.

In our first stuwilcs with the g.s.r., tho lying response was idontified
in 792 -f ihc cascs Whon tho sawo response roquired in those studies was
wwod in this study, the lying responses werc dotected in only 504 of the
czs568, The amallor parcent of succossful dotcctions in the present study
wae to be oxnected since it inciuded only ono ropetition of each quoation.
Dotactions in the formor studics were bassed on five trialss I dotoctions
had been made on the bacis of oniy two trinls in tho former studiss, tho
noreent of succossful deteetions wonld have Loon 62%.

Laother factor which may have prodisnoscd toward fower succoases in the
nresent invastigation is the use of cach subjoct as his owm control. Each
sabiect narticivated undor 2ach of the oxperimontal rosponso conditions
which moay have rcduccd tho number of successful detections,
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CHAPTER V
EXPLORATORY STUDTHS TN 9114 DNERCTION OF DECEPTION
A PRELIMINARY INVESTIOATION Ol GARDIOVASOULAR RESPONSES

Tniroduction

Thig study wen not nrimarily aoncerned with tho dotoction of dnoeption.
It was, rather, an oxaminatinn af nomo cavdio~vasoular resvonsos in sovoral
non-lying situationn. It was hepod, howaver, that tho stwdy weuld provide

ug with information on tho kind of rocpongos wa might oxpoot in tho lying
situation,

The exporimont was dosiznod to nrevido a compardson of the cardice-
vastular rospunges undor threo difforont conditionst 1) an extondod rost
intorval, 2) a "neutrel" aquastioning period, and 3) a mild stvoss situation.
The cardio-vaacular rognensos that ware moasurad woras 1) heart rate,

2) hearte-pulse lag, 3) blood volume changes in the index finger, L) chanpes
in skin temporature, and 8) bleod prossure, Tho avparatus for measuring
theae responscs in described in tho section on methods of meoasuring ciroula-
tory varlabloa,

3ince this was the first of the cardlo-vaseular studies, (two earlier
attenpts were discontinuei busause of nocoassary nrocsdural changes) the
oxporimentors wore not yet thoroughly familiar with tho apparatvs, the
oquinmecnt was not yet working perfectly, and the wrocodure was oasentially
untestode Consequently, a dotailed analysis of tho data was not considored
advisable. The data were analyzed in sufficient detail, howover, to provide
suggestions for the subseguant investigations,

Procedurs

Eightoen undcergraduate men and women sorved as subjects in this
exneriment, Bach subject was soated in the subjoct!s chambor and while the
various leads wern boing connectod he was informed that the oxnorimonter
wne Interostod in measuring some of his physiological responses. Ho was
Lold that the .omorimentor would leave the room shertly and would comminicate
by means of thc leud speakor and microphone which warc mounted in tho wall,
The subjoct was told that after awhile heo would be askod some quostions which
hu was to answer out loud, UHe was askod to romain as motionless as possible
during tho axnorimental gession. Vhen tha axparimentor was sure that tho
subjoct was at case and that the leads had boen connected properly, he loft
the subject's chamber,

The throc narts of the oxperimental procadure wore as follows:

Reogt: Thren onc minute records worc made with two minuts intorvals
soparating the suecassirc records. Tho sublect was not informed when tho
records were being mades Tach one minute record included three pressure
cycles of the vaneular ocelnding »ump,

Houtral Quesiions: Tuo mimatos ~fter the last rocord, the ~ccorder wes
turned an, ATECT ono comnlete wrogsure cycle, and immediately following the
start of tho sceond evels, the .omerimentor asked ovor the lovd spoaksr:
"hat iIs veur first nome?' The roeording wes continuzd until that cycls and
the two folloving worce comrloted, Tho rocordur was thon turmed off for two
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minuter,  TFoliowing the two minut: wait, tho rocorder was turnod on snd aftir
cna conplata eyela; as soon ns the next cyols bepgan, the axverimenter askod:
"How much are two and two?™. The recording was conbinued until that eyels
and the two following were comploted,

Streag:  Aftor o two minute delay, the rocordor was turned on, and at
the bepinning of tha second pregsira gyole the oxpordmonter askedi "Do you
feel an oloctrie shook on yeur loft hand?™, The roocording was continued
sninterrupted for throe oyolon [ollowinpg this quostion, As soon as tho next
cycla bogan, tho oxporimontar annoncod: "Don'f; move yvour loft hand! Wo
scam to have a bad connootdon and wo don't want you to got shookedite 'The
recording continuod for throo more oyclos huforo tho recordor was turnad off
md tho aubi-at wan roloasod,

faoults and Digcunoion

Hoart rato:  Sovaral samplos of the hoart rate during tho rost intervals
wara avoraged for aach « £ the subjocto. (The records of only 15 of tho 18
gubincts woro usod, sinoe the roce-ds of tho **»oo o%hor subjocts woro
wneomnlata,)  Alse eamples of tho hoart rato worn -sekon following tho
subjaatat ragponsca Lo the noutral quostionn and following tho ghock suggas=
tlongs A comparison of tho heart rate undor theso throu conditions rovealed
a slight slowing of the heart for most of tho subjeots during the noutral
quogtioning nordod and a groator slowing during tho shock threat., The
average hoart rate: for all subjects was slowast for tho shock thraat situa-
tion; noxt slowist for tho neutral quostions and fastost for tho rast
intorvalns,

Hoart-pulse lap: A comparison of the heart-pulsc lag moasurod during
sach of tho throo conditions of our oxporimont rovoalod no consistent
changos, Complete rocords, howover, wore obtaincd for only six of the 18
subjeots,

Skin tem>arature and bleod volume changes: The temporatur2 changes on
the tip of the loft forofingor wore not found to bo consistontly related to
the sxmerimental conditicnas. The rocords of 13 of the 18 subjocts wore
uscds Tho sams absercs of relatlon was found for hlood voliume chanses,
whoro the rocords of 1k of tho subjocts were usad,

Birod prosswre: Mo censistent offects of our conditions on the blood
magaure moasurcs were dotected. It 1s likoly that we did not fird any
3ffects w.cause of tho counturacting offects of local vasetonatyrictisn,
Thig matter lo u.otnased in the saction on methods of measuring eirculatory
variables,

1t should bo nointed out that this study was nrimarily oxploratory,
The resdis of the experimont wore by ne moans considered finel, but aniy
sug~eativa,

Summary
Soveral cardio-vascuiar rosponsos were oxamined under three experimental
conditions: rest, noutral quostioning, and mild stress. The mest promising
of tho meisures was the heart rate, which showsd a deccleration in th. stross
gituntien,
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CHAPIER VI

FXPLORATORY STUDIWS TH THE DETECTION OF DEOEPTTON:  FURTHER
TNVESTTOATION 03¢ il CARDTO-VASOULAR RESFONALS

Introduotion

In our firot otudy (Sun Chuptor V ) of the cardioevasoular rosponses,
we comparced vhe roansugon oconrring under thrao difrforont gonditionas rest,
neutral quostioning; and mild gtrono, Of tho savoral rosponses rocorded,
only ono, tho hoart rato, war found to vary consiotontly witl chongos in the
oxporimontal conditions,

The proaent stady 1o oooentially a ronotitlon of the oarlior study with
govaral medificatinnn,  Tn addition to anawaring somo neutrval quoations, the
subjacts in tho prosont study woro requived to commit a laboratory orimo and
then lio about it whon quostioned by tho oxpordmonter. They woro also
subjoctod to a atress altuatlion oarly in the oxpordmontal dHrocedure as woll
as ot the ond, The prosont atudy, then, onablod us to comparo the vardio-
vaseular rosponses osourring during: 1) a rost interval, 2) two stross
situations, 3) non-lying rosvongos, and L) lyinp rosponaus,

The responsca whilch woro recorded in tho presont study were tho sams as
thosc recordod in the praovious study, In addition, hewsver; new Leohniques
for measuring the racorded rosponsos wore used, The responsaes rocorded in
this study wore: hoart ratc, hoartepulse lag, blood volune changes in tho
indux finger, changes in skin tomporaturs, pulso height, and biood proassurcs

Procodure

The subjects in this oxporimont were Ll wndergraduate students., Each
subject was told that the axporiment was concorncd with lie dotection. Ho
was thon shovn four -sets of coins: ten nickels, five dimes, two quarters,
and a fifty cent nioco. A cover was plasad ovor the coins and the subjest
wos told:

After I leave the room, I want you to tako ono of the scts of coins

and put it in your pocksi {or purso)s then roplace the cover over

tho remaining coins. Whon I roturn, do not toll me which coins

vou have takon, Later on I shall try to find ocut by asking you

questions about’the coinss If I am not succcssful, you may keep

the coinyg that you have takenl

Ths oxporimenter lcft the room and returned after tho subjoct had
romoved the coing. The subject was thon geated at a table and the apperatus
was connacted, Yhile tho apparatus was boing adjusted, the subject was
informed that shortly he would bo askod to road aloud, tut that bofore he
did any reading h: wan te sit gulotly and relax. Ho was told that he would
be netificd when he woo to hegin reading. The »aading matiter was a page from
a toxtbook, which was nold in-position at cyo loval by a clemp and gtand
loentod on tho tabls in front of {he subjdeet;, VWhon the subjoct indieatad
that ho understood the instructions, a palr of eer phones werc placed on his
head nnd = microphone was positioncd on tho tablo close o nis mouth. The
micrapheno and aar ohones wore connactod to 2 modifiod tave-racordor which
vas wired so that tho words spoken by tho subjeet inte the microphono
rotura 4 threourh the car nhoney after a delay of 7 saeonds. The typienl

s as———. e e el S T m e ;oL s e S AR« P e sw s



————— P T

T M R ey 0 N A SO RS Gl i e e v e s rm o e S B SrRe AR o A mTY Tl o oa

orfeet of tho "delayod Foed«back! on unsuspucting subjects is to disrupt
thedr opoach noticeably, It was usud in the prasent study to produce an
amo’;ienal or streass situatlon.

While the subject wao rosting, Loforo ho was asked to bagin reading ;
aloud, a ono minute rocord of his rosponsos wan made. The rocorder was thon
turnsd off and the subjout waa asked to begin veadinpg. Aftor the subjeot
had heen reading for approximatoly 30 scoonda, the rocoxder was timed on
and a one mimite racord of Wis roaponses was mado, Tho subject was thon
told te stop roading, nnd aftor a two minute walt, o ono minute rocord of
his rogoonses was mndos  Tho oxporimontor thon rominded the subjoot of the
fact that ho had takon {404ty oonto from undor the boxe Ho wao informod that
the oxporimentor was going 45 loavo tho room and bthat ho would communivate
by moans of the load spookor ond microphono which wore locatod in tho wall,
Tho subjnct wrg told that ho would bo asked n sorleus of quootlons which ho
wag te answor oul loud., ‘Ihe asubjoot was told to answor all of tho questions
truthiully, -xcont thosa quostions which had to do with the partiounlar ooins
he ad tokone o wos rominded that ko would bo pormiticd to keop tho colns
that ho had takon if tho cxporimentor was uneblo to diesovor from his
rogponses which coinn hind Loon takens Tho oxporimontor loft tho subject's
room aftor h. was certain that tho subjoot undorstood the instructions.

e =

Aftor rbout a onc minute dolay tho racordor wap turnod on and a sorlos
of i) quostione wrs nskeds The quostions wore asked at a wote of one
qugation a minuto, Fach quogtion wag sgked immodiatoly aftor the broak in
the pulss linc which indiocntod that the morcury prossuro was boglnning to
ba applicd to thu Mngor. Tho quostions that wore asked woro as follows:

I et Pt T NPT

1. Can vyou hear mo?

2. Teo today Sunday?

3, Did the light Just go off?

lie Arc you comforiabla

5. Did you teko tho nickcls?

6. Did you take the fifty cont pilace?

7. Aro the quarters still under tho box?

8, Did you take the dimes?

9« Aro tho nickels atiil undor the box?
10. Arc tho dimes still under the box?
11, Did you take tho quarters?
12, 1Is the {ifty cont piocco still undor the box?

13. Do you fool an clactric shodk on your loft hand?
s Dontt move your Joft hend! Ws scom to have a bad connaction and don't
want, vou to got shockad,

About ore minuto after the last quostion tho racord~r was turned off
and the subjoct wias romoved from the apparatus, He was reessured about the
shock threat situation and asked not to talk with other petontinl subjects :
about tho oxperirontal procodurc. ;

LD S s mata it ket

Rosults and Discussion

Samples of oach of the rosvense monswro# were takon undor aach of the
oxperimontal conditions and avoragued for all subjocts, Analyses of veriance
indicatod that iwo of our rosponsc measurss discriminated Hetwoon the uxpori-
mental conditions, Sinzc tho rosults woro for the most paxrt nogative, and
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since wc usod ossontially thoe same mesmuping toohniguea as were uased in
Frosodures 6 and 7, whoro they are desaribed in detall; only o summary of
tho findings of this experiment will bo prosentsd here.

Heart Hates The hoart rete was found to vary signifisantly with the
experimontal conditions used in this exporiment. Tho order foxr the condi-
tlons, from fastoot to slowoub heart vate wasi foodwbaslk, nonelis, lie and
shock throat. Tablo I shows t-valueo and tholr corrosponding prebubllitices

TARLE I
SIONTITOANGE OF DIFFERINOES IN HEART RAIE

Condltions t P
Non=lio «= lio 250 o 02
Lio -« ghoole helid 0L
Non«lla == ghoolt 6¢91 0L
Food-back == non=lioe 1a73 10
Pand=bagk == 1llo 11422 201
l'aodwbnok ~= shock 8464 +OL

Skin

Bleod Volums of Indox Fingor: No significant differences for blood volumo
were found,

Pulse Amplitude: The amplitude of the pulse was found to vary signifivantly
witn the experimental conditions. The order for the conditions, from largest
to smallost pulsc was: non-lioc, shock throat, lie and feed~back, Table II
shews tho t-ralues and thelr corrssponding probabilities,

TABLE II
SIGNIFICANCE OF DIFFERENCES IN PULSE AMPLITUDE

Conditions t P
Hon=-118 == iia 2299 201
Lie «~= ghock 137 o1
Non-lle «- shock 1,63 10
Feed~back == non-lie 5406 Kol
Fead-back -= 1lie 8406 01
Tecd-back -~ shock 6,69 0L

Hoart-pulee Lag: WMo significant differonces for hoart-pulsc lag wore found.

Blood Prossure: Min tc local vaso-constriction, probably, nc significant
offccts on blood progsure were round.

Summary

Several cardiosvagcular rasponses woro examincu under sovesgt diffsront

conditicns. The most promising reasuras for lie~detaction were haart rate
ond puaise ampliitud.,

Temmovatura:s Mo glgnificant diffevences for skin temporature wers found,
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CHAPIER VII

EXPLORATCRY STUDIES TN THE DWIRCTION OF DECEPTION WITHe THE MUISCLE
ACTION POTTNTIALS A3 THE SOLE INDICATOR:  MUSOLE ACTION
POTEMITALS TAKEN FROM OPPOSED MUSOLE OROUSS IN THE ARM
UNDER HGONTLICTY AND *HON-CONTTIOMH GORDITTONS

Statemont of problemt This exvorimont was designod to look for
characteristics of minclo notdoh potontdals from opponud misole groups
which distinguish sltuationn 4nvolving motor eonfliot botweon the musole
rroups from thoso in whioh oconfilot s abasents A oimplo means of trying to
sot up such oonflicdh 1s dasoribod in tho nrocodure.

Apparatus and nrocodurer The stimull used in this experdmont wore four
A" x L," enaque nlnotic cards disploysd in a lipghtod oxposurc window of the
samo dimenslons. Tho subloots wove sanbed bafore the exposure window in o
soundproof room and four stimulating situations woro tdofined, one oorrospond-
ing %o cach ocard, as followot

Situation Rt The disnlaynd card had wn Xemork on tho subjostts left

and was blank on tho subjsot!s right,

Situation Lt Tho displayed card had an X-mark on tho subjaot's right

and was blank on the subjoot!s lorts

Situation B: The displayod card had an Xemark on both oidos,

Sitvatien N:  The disnlayed eard wag ontiroly blank.

Tloctrodos were attached to tho floxor carpi rudialiaeﬁggysogogégigaliG
the right forcarm, the S was goatod at & small table whoro a shuttle key
apparatus, with a ton-inch arm and a stationary '"middlo" position, was
stationod. Both foreoarms warc placod oh the table and the shutile key
poaition was adjueted Tor tho Sts arm lengihis Four paired loads to a Zour-
channel EMG rocording unit wore attachod to tho aporopriaste clectrodes on
the St's arme, The instructions glven the subject aro paraphrascd bolow:

A garies of cards will be prusontod in the cxposure windows
some cards will have an "X* on tho right side and some will have
en "X" on the loft. %ofors cach oxposurc, a tono will be soundod
as a roady signel. Then the eard will be exposad for a short
intorval, After tho card has disapponrod, push the koy to tho
right if the "X" 18 on the left slde of thc card and pucsh the key
to the loft if the "X" 15 on tha righb 51d0 of tho cards Wnen
pushing tho koy, bo sure tho movamont is mado through the wrist.
(Hore the exmworimentor domonstratod tho proper mo:emont.) At all
timce remain as relaxed ag vosgible; oxercicing a mindiiut of body
activity

With those instructions, we should anbticipate a movament to the right
in sitvation R, to the loft in situzation L. In situation B we might oxpoct
a tondency toward movemont in both directions and in situation N, a tendency
toward movoment in neithor. The anticipations in situations R and L are
fairly cortain; thosc in B and M, somewhat quostionnble,

Arter a sham trial chocking *ho subjectts alility to follow direetions,
wic oxporimontal room was clos.d mnd about five minutes later the stimulus
cards wors prosonted. Thirty triale wore give» and, for overy S, tho order
in which tho situatiens wore presonted was ss follows: R, L, L, R, R, L,

R, L, 3y L, L, R, ¥, L, & Ry Ry %y B, Ry L, ¥, L, R, L) B, R, R, L, Ws 1In




thio scries, situations R and L oach ocour 12 times and aituations B ond N,
3 Vimos. Tho first oight triale; in whick siturtions R and L are cach
roprogonte” four times, wors troated as trainihg trdnls. Tho analysis io
basod on data oblained during tho laot 22 trialo, the test trlals of the
oxparimont,

The intertrial nrocodure was the vame for all asubjoots and all exposures,
A tone sipgnal whoco duration wao J85 sooonds was noundeds Aftor a throeg-
second delay, the nartioular oard noleoted for the trial wam prosontod for
four scconds. Tho timo botwoon trials vardod around ono minute, depending
upon necossary adjustmenta of the IMO squipmont. Soventoon studonts atb
Indiana Univorgity were run as subjoota.

fleouits

If conflict ocours and io oxhibiteod Ly activity in tho oppossd muscle
proupt, the ineroasn in activity should manifest itsolf during the interval
batwoon tho presontation of tho otimulus card and tho oneurrence of the
overt responsn. Tho maximum amplitude of tho action potentials during this
intorval was rocorded and analyzed. It was found not to distinguish reliably
botwoen situations B and N, which prepumably invelve confllct, and situaiions
® and L, which do note. From tho bolief that roliable effects might Lo
sbgeured by randem changss in activity during tho nro-atimulus intorval, a
more refined analysis, described below, was carried out (see also Chap, XX),

Four temporal intorvals wore taken in the rocorda: (1) the two scconds
irmediately procoding the stimulus oxposura, (2) the first two soconds of
abimilns oxposure, (3) the last two soconds of stimulus oxposure, and (L) the
Interval from tho ond of stimilus oxposure to the boginning of tho rosponse.
The maximum action potential on cach muscle during oeach poriod was roade

To ascartain whother the diffeventiation of tho conflict situwation fop
individual subjects can be made on the basis of these action votentials, a
discriminant analysls was run to Cetermine such weights for each of the eight
readings rs would orovide maximum discriminabiiity of situation B from situa-
vlons R and L, From tbhe discriminant analysis thare results a single measuve
charactorizin~ cach inaividual in oach situation. Thess mensurss arve givan

ey - Reew wwr AL LEES
in Table Lo

Wo see from the data in Table I
situations for individual subjsote r
discriminating variables To probe t
subjects as follows:
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&CLYy oveli on Ui LaBLs of the best
attor mors deeply, wo classify the

t? t 1t would be impessible to classify
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TADLE T
RESULTS oF DTSCRIMINANT ANALYSIS FOR THDIVIDUAL 8UBJROTS

Subdms%uabion n . .
1 120l 85 ¢® 6541
2 6742 546 6743
3 538 7646 79l
L Ry wlo? 391
5 6941 7240 17247
6 3246 liLe6 h5e9
7 82.h 60488 9640
8 7645 7.8 73.5
9 3945 L7458 6045

10 9045 fle3 9343
11 35 hlie? 2042
12 353 L3.6 32,1
13 3669 ,  h8.0 hlied
1 9ol 25.0 26,11
15 e 3940 Selt
16 5240 3241 5542
17 7847 5746 83.0
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If thoe score in Table I for situation B 1la tho largest of the three
gooras, a 4" 1a asgimeds if 4t 48 the dmallout, a V=" ip nusipned; if Lt
ie intormodinte a "O" s assignods In this woy, wo obtain the {requoncies

in Table TI.

TABLYE IX
FREQUENCY DATA FROM DISCRIMINANY SCORES

Clasg . 0 - Total,

Fraquoney 10 3 L 17
Thoro is a propondaranca of +%u in Tablo IT whloh would ardso less than
1/20 timas by chancs, Thua wo moy conoludo thab, although the discrimination

18 insufficiontly noworful to bo usoed with individual subjovts, some disorime
ination seoms to ba prosont in an ovorall otatlstloal sonso.

CGonalugiona

On tho basis of action notontial rocords from opposod musslo groupa,
situations involving mosor conflict diffor statistlcally from those in whish
conflict is abgents In tho oxporimontal contoxt describod ahove, tho diffor-
ontiation was not sufficiontly mariced to pormit reliablo classification on
an individunl basis. This £ dlure may be attributablo to tho large vari-
ability associated with action votontinl moasures or it mayr roflect genuino
individual differonces in rosponso. I¥ this line of oxporimentation is
continued, the problom of obiaining roliablo mousures from oach individual

subjoct must be facod,
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CHAPTER VIII

EXPLORATORY STUDIES IN THE DETRCTTION OF DRCEPTION WITH THE
MUSCLE ACTTON POTENTIALS AS THE SOLE INDTOATOR :
MUSGLE AQTION POLANITALS TAKEN FROM OPPOSED
MUSCLE GROUPS TN HE ARM DURING "LYINat AND
MEOMWLYTHGM MOVEMENTS OF THE ARM

Statoment of tho problam: ‘lho subjeot in planed in o situation with
instruotions to indicate tho ansvors "yoo" and "no" by pushing a shuttlo koy
in ono direatlion or the othar. Tho key puching nocessltates a mevoment of
tho Corearm which involvoa tho activity of two opposed musole groups. The
pituation is arranpgod so that the subjoot will somotimoes, but not always,
lie, and lving responsca may involve motor confliect in which tho opposed
miscle proups act. Tho exporimont ie doolgned to tost (or such confliot and
to inquire inte tho feanibility of uoing misolo action potontiale in oltua-
tions of this typo Lo diffsrontiate lyihg {rom non-lying responsoc,

Apparatus and proceduro: The erperimental, arrangements ars aimilar in
many respecte b thoauw deseribhod in the oxperiment reportod abovoj the major
difforence concorne the stimulus matordels which, in thisc oltqation, provided
tho basis for lying and truth-tolling in tho expuriment, Tho exporimental
arrangemonts and the recording of responses are identioal with that of the
nrovicus study, MNinctoon colleps atudents were run ng sHJECLH.

Tho subjoct was providod an opportunity to take fif{ty conts, in oithor
nickels, dimes, quartors, or a half-dollar. Orucial questions presentod
visually during a subsequent interrosation concorned tho denomination of tho
particular coins ho had taken. Be was ingtructed that ho might koop tho
monay if he sucecessfully sgcapsd detectlon. The oquipment was calibrated

during a seriocs of innocuous quostions,

following this, a serics of gixteon cards, containing the questions
listad bolow wsra prosonted and %ho subject rosponded, according to the
instrustions given, with a Y“yas® or a "no" movoment as indicated by tho
Yig and Nis to the laoft of the guestions.

Critical cards
Y Te the nelf=dollar packnge undor 168 box?T

N Dld veu take tho [ifty cent ploeco?

¥ 1Is the ausrtor package under its box?
N Did you take quarters?
Y 1Is tho dimo vackagé under its bHox?
¥ Did you take dimes?
Y Is tho nickol packago under its box?
N Did you take nickels?

Monay cerds
Y Is a dollar eguel to one hundred conts?
Y Aro there once hundred conts in a dullur?
K I a 2cllar ogqual to ninety-nine cents?
N Is a dollar oqual to ninety-soven cents?
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Genoral carda
¥ Ara you indopondent?
Are you orgéanizedt
Y Are you the only chlld ‘o your famlly?
Do you have any brothors or slotoras®
N Iz your birthday on Aupuat 1n?
It your birthday on April 37
N Ts vour homo in Do%rolt?
T your homo in 8%, Lauwio?

Tha ordor of prasontation of tho cards wap randomly varied for oach subject
within tho follewine vootristions,

(1) Bach Wlaglk of four onrdn had two Yerdtdoal! quaotions, ono
monay" quostion, and one "goporal' quentlon,

{2) Two "eritioal' quontiona raferving to the same ocoln never osourrod
in the samad blook.

(3) A (Y) "monay" quogtion within a blook was alwaye balancoed by a
(1Y "soneralt quastion and vies vorsa.

(1) Sncuansive bloocks naver had two (¥) "monay" quoations or two (Y)
"gonaral" questions and aimilarly for ¥ auestions.

Results

From ths response records 1t was possible to resd both response
amplitudes and reactlon dimos. Analysis of the roeasponse amplitude revealed
no discriminative power. t-tests run on tha dete reveasled that tho reaction
Limon aave 5%.lovel avidonce of disoriminating iles from truths, reasponses
to oritlcal cards from responses to others, and responses to money cards
from responses to goneral cards, 'Tha critical cards were not discriminated
from the monoy sards at this lovel. The mean valugs of tho log roaction
times in increoasing ordor ars on: (1) critical lying responses, (2) eritical
non=lying rosvonges, {(3) monay card rosponses, and (L) general card rosponses,

These data on roaction times indicatod tho possible immortance of the

tomporal order of ovonts. With this in mind, the reoords obtained from the
loft adde of the nrm waro subjeactod 4o a further analysis. Six temporanl
intorvals (vro-stimilus, during stimulus oxposuro, nost-stimulus and pro-
rosponso, during rosponsse, and twe vost-response intorvals) wore sclocted
and the maximum amplitudo of the astion potential during ceach intorval wns
road as an indicator., Thosme &li measures were ocombined; according to a
tochnique doscribed in Chapter XX of this report, into a single
indicator. Datan Irom quostions answerod "yesh woro analyzed seperately from
those occurring on quastiong answored 'Yno', Tor questions answored with
*yos¥ movemonts the Somvlnative indicator was lavger for lying ac comparcd
with non-lying rusponsas in 18 out of the 19 cases, showing a corract
classification of 90-95%, For auestions answored with "no" movoments, this
dropnud off to 13 out of 19 cnses or te 65-70%,
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CHAPTER IX

BXPLORATORY STUDIES IN 'INE DETROTION OF DRECEPTIONt
[IAND MOVEMENYS AS THE SOLE INDIOATOR

Ag parlor maglolans woll lmow, individuals tond to moke small mevementy
toward a hiddon objoot whon asltod about the apatial Llocation of tho objent
and a soug' tive obrervor oan by holding an individualts arm utilinre thosc
movament, cues Yo find the objoot. Interrogation of tho particlpants in thie
trinlk aupgonta thpts (1) the maginian usen omall movoments of the arm os
ouwas for his dotootion and (2) tho individual 1o unaware of bls production
of aunch oues or (3) 4f ho Lo awero of the nonsibility of those movements,

g cannot control thom.

In the bellef that small movements of thise lednd might ba utilized Loy
lio~-dotestion, an uxporimontal sltuatlon was eset up in whish the subjoot
answarad "yes" nad "no' respostivolv by aym movemonts in opposita diroctions,
Quastiono, some of which ovoked lias; woro aslkod of tho subjoots. A time
intorval was irtroduced botwe.n the prasentation of the quostion and the
subik.ot's rossonso to Lb, in Vhu hoou thal omell movomonts toward ene sido
or tha othor during tho waiting peried wonld botrayr decantion, Some
gbjucts woro bBlindloldnd and othors not sinco awnronoss of tho muvomonts
might depend on visual cues,

No avidenco of dimcriminative powor was found in the data on movomonts
that ware obtainod,
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OHAPYER X

AN INVESTIGATION OF EYE-MOVEMENDTS IN DECEPTION

Tt in a fairly prevalont bolief that liars are Wshifty-oved® and “will
not look you in the oye.® Tho purposo of this investipation is to detormine
whether lyirg pruluces cbaracteristls patterns of eye-movements which ocan be
uead as indiocators of doceptlone

Procadure

Fifty-twe mrale and fomaleo undergraduates were used as subjoots, Bofore
coming to the exporimont, they were asalgned at random to ono of the groups
deseribed Lelow,

Upon reporting for tho exparimental seasion, each subject was shown a
closad black box, 6 inchaz square. Ho war inabructsd thabt, after E left the
room, ha was to opon tho box, carefully observe the interior, to read any
inatructions inside, A diagram of tho intericy» of the bex 15 showa in

Figa la
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Oroup Ml (Motivated Lie)

For Group ML, the following typewritton dhseructions ware placad in
tha box:

"Plonse rend thase instructions carofully and be sure that you remsmber
vhat you are to do,

"You will notico that thore io o voln In tho boxe You may take tho
coin, Ploage notico whore In the box tho coin oamo frome Vhen vou are
questionod, you arc to lie on all nuostiong concorning tho coins If you
deceivo the exporimontor you way kosp tho ooine tlow call the oxnorimontor
into tho rooma

"Bo sure you havo read those instruotions carofully and understand them.

"PLIEASE REPLAOE INSTRUCTIONS IN HBLAOK TiX 0

Group UL (Umantivatod Lio)

"Plonse rond thooe inotructions cavofully and bo oure that you vomomber
what you aro to <o,

"fou will notlce that thero 1o a coin in tho hox. You may take tho
coin, Dindse notice vhare in tha box tho ocoin osma from. Whon you are
auogtionad, vou nro to llo on all quuotions concorning ths coin, Now call
tho experimeuter into tha rooms

"Po surc you have raad these instructions earefully and understand thom,

"PLEASE REPLACK INSTRUCTIONS I¥ BLACK BOX.*

Orouwn MH (Motivatod Honast)

"Ploase road theasc instrustions carcfully and be sure that you romombor
what you nro to do.

"You will notice that thare is a coin in the boxe You may take tha
coin. Ploaso notico whore in the box tho coin camo frome You aro going to
be questionod about the coine If you answor therz questions truthfully, you
may keen the coin, Romombor, to keop the coin, you must bo absolutoly
honogt. Wow r£all thas oxporimenter back into the room,

PPLEASE KiSPLACE INSTRUCTIONS IN BLACK BOX."

Group UH (Unmotivated Honost)

"Ploase read thasc instvructions carofully and be sure thot you romomber
what you are to do,

"Vou will notice that thero is a coin in the box. You may take the coin.
Plenso notice where in the hox che coin came frome Whon you are quoationcd,
plange tell the truth to any questions concerning the coin. Now call the
cxperimanter into the roome

HPLEASE RFPLACE INSTRUCTIONS Ti BLACK BOX."

"Your instructions arc simnly to call the cxvmerimentor back into tho
TOOM,
BPLRASE REPTACE TESTRUCTIONS TN RLACY ~QX.®

For subicets in drewps ML, '™, M, and Ull, a S0-cont coin had beon
placed in one of the quadrants of the black box, 2As tho instructions indi-
cate, the subject was nsked to take the coin, For fGroun NC, no coir was used.
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Aftor comploting onu of tho above procnduros; the subject was called
fnto another room, was soated, and his head was positioned in the hoad-rest

! of an enhthalmograph (American Optlcal Company); the ophthalmograph was
_ modl{iad so that harisontal, ayew-movemonts wore obtainod from the subject's
right oyo, vertical movements {rom his left oyo. Thooe oyo=-movements were

recorded photogranhicaliy on 35 mme £41m Ly moans ol tho corneal reflection
moethnd .

RSN S RO

After foocucsing the mibjsot in, tho [4Jm motor wae started and oys-
2 novamanta photograched for a poried of 10 socondo. At thio tlmo, thero was g
ingortad into tho eard “wldor of tho ophthalmopraph a diapram drawn to
Jduplicate tha intorior of tho Llack box from whioh tho coin was takon, Tyo=
movenante for anothor pordoed of ten soconde woro phetopgraphod,

Noxt, the subloot was instructod to leok at oach quadrant, bopimning
with quadrant 1. Photopraphio rocords of thess movomonts woro madu. This
nave a measura of magnitude of oyo-movomonts for oach subjeet, and lator
magnitudes wore nomaved againet thoso,

R T e T s )

Noxt, the fol'owlng quootions wore asked, at intorvaly of 10 soconds:
e Is your namo John (or Joan)?
2y Md you tnko a hall dollar {rom tho black hox?
3. Dn you lika basaball?
e BHd vou tavw a_half dollar from the nectinon of tho box
nmunbored _ ?
S. Werc you born in the stnto of Kontucky?
6. DiA you take a Walf dollar from tho Seetion of tho box
numbarcd 7
7» Do you like Tomon moringue pic?
1, Did you take a half dollar from tho section of the box
numberod 1
9« Do you wear glassos?
10, Did you take a half dollar from the secticn of tho hox
numbared ?

¥ e amh e e WP A e W e e
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For asubjocts in Groups ML, Mi, UL, and UH all of thc abovo questions
wera aslads  For acbjects 4n Group NC, enly Quostions 1, 3, 5, 7, 9 wore
uecde  During this timo, oya~movemants wore being recorded continuously,

Romilis
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Te What s tho effoct of preseniing the card containing a diagrom of
the intorior of thG DLACK VOXT

Mov_ments during the 10 second peried vefors prosontation of the card
vore comparcd with movements during the 10 sccond noriod after tho carde The
rocsults of this Bofore Card - After Card anslysis arc shown in Table I. In
all aroupg, thore was an increasod tondoney to look toward the guilty
quadrant* This incresse cceurrsed whethor subjects were instructed to lic
or bu truthful, whother motivntod ~r unmotivatod, Tho size of this incroasc, !

B S an . s lin gt S - e Vs e - prore 3 5 n -t Py
howaver, Was groater for liars tren for truthful sibjocto,
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1 For Quostion kL, the number of the guilty quadrant was usod.
2 (ullty guadrant 4a definod as tho quadrant from which 8 took ths coin.
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! HONEST LTARS

Hafore 18 Befora o33

MOTTVATED

Aftay .27 Aftor W7

Dofore 1l Defora  G12
} UNMOTTVATID

Aftor W16 Mtor 432

TADLE T
Boforo Cnrd » Aftor Card Compavdson
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Thia table shows relatdve fruquenoy of movomunt to miilty quadrant, fox

anch proup of aubjocto, boforo and aftor wrosontation of coard contalning
diapgram of intorior of blaock box,

2¢ Doos - loadoed
from thoac oIici

§ggpt!on aliedd o dltforont pattorn of uyo=movomontg
Iniocont quostlons?

For this annlysiz, v tive froguonolos of wyo-movemonts to gui.lty
quadrant. for Quontior 2 curparod with the Poolad Innosont quoations (Quos-
tions 1, 3, 5, 7, and 9) wore computod. Tahle II shows bhat Group ML
{motivated liwrs) lookad at the puilty quadrant relatively more for Quostion
2, whorcas Group UM {(unmotivated honosb) lookeod at tho muilty quadrant
ralativoly loss.? Tablo II 4s prosantod as a 2 x 2 tablo with "Dishonosty!
as ono variablo and "Dogreo of Motivation'the othor varieblos. An intor-
action hotween those two varlablos is apporent from inapoction,

HONEST LIARS

5 groator 7 agroator
MOTIVATED 3 loss 3 less

2 same 1 same

2 groator 3 greater
UNMOTIVATED T loss 3 loss

2 sams 3 samo

TABLE IT

Quogtlion 2 Movemonts Cotiparod with Movaments to Poolod. Inuccent Quostions

Tablo shows numbsr of mbicots showing
guadrant for Quogtion 2.

reAry mdiinng. toe ot

graater w yoment te guilty

s

3 Eﬂ'thiﬁjprﬁlimiﬁary reaazt, repllEs Ave presentced only in o tabulated form,

‘wImMTLGE to the gbove. The vhalintigal significance of those rosults has
nazﬁheﬂu‘ﬁhiarm;nud by sﬁﬁﬁ%aw““d&-aﬁnxyax ’

s .

e

Rt 5

2 ?‘wﬁ‘ﬁﬁi‘@ X sy 0 It




[ ——

et ey A r——
Sk M A STt P~ — B

3¢ Ia tho oxtont of oyo~movemont olicitod by loaded quostiong greatis
than that ellolted by innooont quections?

In order to measure size or oxtent of an sys-movement, the {ilm resord
wae orojectod on a standard grid sopeen,. Tho moasuro of oxtont uged hsre is
the ; atio of tho magnitude of a movemont ta the maﬁnitudo of tho previorsly
obtainod instructed movomont in tho samo quadrant.® This moasuro was only
mado for tha first movamant in rosnonse to oodh quostion.

Table TII shows thooo mognitudos for Guastion 2 and for the Pooled
Tnnoosnt questiona. Motivated snbjoots ohow a groatorssived movoment to
Tuestion 2 than to Poolod Innsoont guoatlonay Tor Unmotivatod subjoots, tho
direction of this difforonve was rovorsod,

R e a R

HoN®AaT LLARS
Mestion 2 1268 Quoestion 2 1,20
MOTIVATED
Poolad Inncecent 1,18 Pooled Innooent 1,09
(uostion 2 098 Question 2 8L
INMOTIVATRED
Pooled Innocent 1449 Poolod Tnnocont  1.31

TABLE III
Extont of Movement te Question 2 Compared with
Extent to Pooled Innacent Quostions

Le Do myv-movements of "mullty" subjocts differ from thoge of conbrol

subjecto?

The rosulte for Guestion 2 were analyzed Lo determing how many subjocta
in each group oxecoadad the control group in relative frequensy of oye-
movement to tho puilty quadrant, Tho results, in Table IV, show that motl-
vated liars moved tholr eyes to the pulliy quadrent moro froquently than tho
contrel group; unmotivated honest subjects showad this movomont leas
fromuently,

Inasmich as thc movoment had boer proviously broken into horizontal and
vertical comeenonts by means of optical apparatus, it was necossary to
recombine the two intc one magnituds. This was computed as the hypotenuse
of a right triangle whose hopizontal and vertical sides arc known,
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HONEEST LIARS
5 groater 7 groator
MOTIVATED
5 laouo I looo
2 nroator 3 groatey
UNMOTTVATED
9 letn 5 lesn
TABLE, TV

Comparison of exporimental proups with control proup., Tablo shows; for
Queation 2, numbor af subjoots moving ayos to guilty quadrant, with groater
frequency, and with leas {requonoy, than in control proup,

“. Do "guiliy" subjecis siow difforonoes in eye-movements from contrel
subjocts, oven Tor innocont quontions?

Was there a tondency for guilty subjests to move their sycs toward tho
guilty quadrant, aven on the innocont questiona? Relabtivo frequency of
movemonts toward guilty quadrant for theme subjects was compared with
corrasponding figures for control group.

The exparimental grouvs showed a itendency to make f{ewer eyo-movements,
on the innocont questions, than did the contrel group. These rosuiis ara
gshoun in Tabla V.,

HONEST LIARS

2 greater i greator
MOTTVATED 7 less 7 less
1 samo
5 areatar 2 greator
| UNMOTIVATED 5 less 6 loss
| 1 same 1 same
TABLE V ;’

Relative frequency of eye~-movoments tc guilty quadrant fer innocent qlestions;
each group comparod with conirol group, For example, in Group ML, four
subiacts excoedad the control group, soven subjects were lowor,
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by assuming that the subjscts in tho expudimeiitdl grohps tend to avﬁd the
suilty quadbaht, thet 318 avoldanes tondonoy 48 everridon by opposing

tendoncior for loatod qubbtions, but that, on innocent questiors, thie avoid-
stice tondency oporates to lower froguency of movamonts to tho gullty quadvant,

1.

2.

Whild this desult sdems contrary to oxpoctdtions, 4% might be oxplaincd

Summary of Nosults

Presontation of diagram of intorior of blaek box causod more oys-movomonts
to gullty quadrant for all groups of subjootn, The size of this inorease
was preater fopr liars than for truthful subjects.

A loaded question (such ao Quootion 2) caused more froquent oyoemovements
te puilty quadrant fot Motivatod Liavs, fower movamonts to guilty
quadrant for Unmotivated Honeat,

A lcaded question (much ne Question 2) elicitod oye-movements of groater
magniinde for Motivated subjects, movomonts of lossor magnitude for
Unmuviivatad subjoohs.

Subjects in the experimontal proups (ospooially ML, Mi, and UL) mede
relativoly fewor eye-movements to guilty aquadrant, for innecent quostions;
than did the conirol group.
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CHAPTER XI e

RESPONSES OF THE CIRCULATORY SYSTEM: THE BASIC
VARIABIES AND THEIR RELATIONS

The respcnaos of the clroulatory systoem ara thought to be of greect
importance, in both theory and praction, (Mowror (1L) for oxomple assigns
them a principal rols in his thoory of smxloty, and in thn veual lie-
detestion teehinique bHlood prossure is ono of the major variables, and heart
rate apparently a subsidiary ono)e Thore oro a proat many intorrelatod
ovante in thn olreulatory asyatom, many of whioch conld bo rocorded and weed
ag indicoa of rosmenna. To know vhat soquonco of ovonte may bo noet off by
stimulation and Lo otwonn from thono avonto the onoa whioch are Lost to
racord (giva tha moat information with tho proatoot oonvenienco), it io
advaatapsous to oonslder tho dynamion of tho roumonso systom and thon to
chaok doductions {rom this knowlodgo with data. On noma nodats, howovey,
nvailable physlologioal lnowledgo loada to no oxnootationo, and it way bo
necancary to proaood ol btogothor omnirdoally.

Tha intareat of nhynlolopy and blonhysiocs has boon chiefly in tho
regulatory mochanismgs of tho olireulatory oaystoms Thedr vroblom has boon to
understand how a stato of oquilibrium is malntained in the systom or how the
sy:.tem aljusie Lo o Jdisturbanco onocw tha disturbancs hao boon produccd, TFor
paychalogy the intovrest is somowhat difforont: it noeds to doal with
responsosg initinted by ovants outsido tho organism. Tho adjuotmont of the
systom to disturbancos within iteolf will thon bo soquolas, responges to
ragnonsea. For ngychologicsl nurposos thoraforo it is nocessary to conslder
the eardio<vaseular complex as a rasoonso system; with an input; an output
and a nvrber of internal couplings which affect tho rolation botwoen these
two.

What 18 considered as tho output of tho asystom will dopond on taoo
particular purposes of tho investigator. In caso he ls studying tho offects
of ocirculatory statoe upon beohavier he would do bost to locato tho voints of
coupling botweon the circulatory systom and the nouromusoular systom which
oxaoutes the buhavior in quostion, and moagurae tha cireulatory output
dolivored at this vwoint. Vory likely this output will not always corrospond
to the blologieally ossontial output of chomical substances from tho systom.
Cnc of the known coupling points howover would bo tho output of thoso
subatances to musclo and norve, for muscular oporation would be affacted by
thoir svoplys (Darrow {3) has dlscussod this mochanism for tho brain,)
Viscural~skoletal rofloxus (Collhorn, L) would bo whothor coupling mochanism.
Thu inventigator, howovor, is at proeent handicaovwed by lack of information
on thosa counlinga, and their ralative immortance.

Ono may on tho other hand bo intorested in the reverse wroblom, that of

igcovoring tho antocedonts of tho circulabtory cvont. Such is tho caso in
1io dotceoticn, for tha oxverimontor wishes to find whathor the subjoct has
1icd or at loast was intonding to lioc. Ile is not particularly consornad
with tho offocts of tho viscoral rosponse upon the futurc actions of the
individual. His puiding principle would bo to geloct as "outpui! sonio
variable which most closoly rofleets the input. On genoral grounds onc
would cxmoot this to be found a2 nenar s vossiblo in tha chain of evonts to
tho innut whoro there would be loast opnortunity for ii to be transformed or
to be corrupted by intorvoning wvents,

S0 the invostigotor needs te ook for thoe basic variablos in the
ciroulatory systom, and tho oripins of +tholr variation, to docide which wiil




ey - w—e. c-,g‘nﬂ s SR ) Y PR \cy = By - o =1k E\ . et
v*e‘ fib ‘IL) §{!ﬁ5 & f’ d}. phnilaic D %\::‘-uth :..{5}‘ B #* e AC)‘r‘gf\. ::;\tu_ g“ - o - H‘?{.E - - =
SO ' ‘-4‘-v— - s . «.—.., % v s oA e
gk! ﬁ - s - Ty LSys (‘*" ‘*' /}4‘ Fe -1 TLgd
I/ﬁ é Sh e A e BT TN t:?’_{\ : ,,,h J. . L 5y e m’g b TEanw
37

beat rofloct innuts to tho svatem coming from the oxtornal roceptors, and to
devize moans for rocording tho chonem varlablo as accuratoly and convonicntly
ng possiblo,

In eironlntory sdjuatmonta umeral {influoncon of eourao vlsy an
7 mortant rels in tho long run. Dul Lf ono 18 intoreotod in tho offocts which
occur in a faw soconds following a stimulug Lt soomo nroper to simplify the
nroblem by nogleoatineg those rolatively long torm offoctss In the following
anglysls, thorafora, littlo attontlon is wald to tho hormonal and other
hwnoral effoote.

The Cundamental steyotura of tho syatom 1o a olosad hydrawlle loop
containing a foroo mump,™  ('s loon connlats of courao of two subeloops,
the mulmonary mand poarinhoral, forming a figure olght as Lt wore, with ¢ o
haill of the hoart in onch nard,) Mlow from the heart 1o maintained by the
foreo of its Loaty hut tho preomro gradlont it producos doolines almost to
gara in the eanillaylon and axtra uyu+nmio lorcas are naseasary to return
the blood (Pondnr, 153 Oreen, %)¢ ‘hano aro nrovided in important mensuro
by the comproasive action of akololal wmue’la aantpaction and by the nogative
praasura in the choot cavity which vesults from vospivatory movemente, Aa
In hydeaudic ayatome in genoral thors are throo physical variablos, preasure,
flow, and realetance which doseribo its oneratdion in a steady state. Those
nre rolatod to aneh other in the aame wmamar as tholr oloctrieal analogles,
cemefay tirrent, and reslstance are related by Ohmts lawe TFov a gtoady
stata, tharafera, any two of tho variabvlos would spocify the over-all stoto

A\
of the gratem,

Bt of conrae the syatem 1n not in a steady state: tho pulsations
Introduced by the hoart and the aporiodic rosponses in vhich tho psychologist
is 1r borosted contlinually introduce changos into it. Because of the olasti-
city of the vesscl walls tho systom is physically roactive to the change, as
m alectrienl circuit contalning induwotance is reactivo. The dieturbnnce
w1l tale semd time Yo producs a now stoady state, and thers will be n
dofinite transmisaion time from one rart of the system to cnother (King, 12),
Thug in the verage young adwlt it takes about one third of a sccond for a
disturbance to travel from the hoart te the finmor tip (sce section on pulse
valocity in this wooort)., THhis hydraulic conaueﬁion ils, of course, much
slovor than most norve conduction, yet much faster than tho transmort of
bloods T will nroceod in bolh directions from the orlgin of the disturbance
oxconi at the hoart vhore tha valvos provent any eubstential bacleward
tranamigsion,

Feruard trenomission through the heart is, howcvor, of tho grontast
imoortanco., Tt takos place bocanse tho force of the boat is nrincipally
detormined, without noural intervontion, by tho distension of tho ventricloes
which itsclf deronds woon tho local venous prosouro, cecording to Starling's
#law of the heart" (Hoif, 11). This pressurs, in turn, is affocted Ly any-
thing ihat happons anywhnrﬂ in the systonm, Trnnsmission of an offcct across
the huart ontails furthor delay, siuce tho heart boat cannot oveon begin to
change in forcu until tho next systollic contraction. On the arorago this
delay would emeunt o about half n hoart dyela: ahout 2 third of a second,

For tho bagic nhysiclogical facts ralience is nlaced on (2, 6, 6, 7, 8, 9,
10, 13, 12, 13, 15, 16;‘ The interprotations, hewevor, arc tho responsi-
biliﬂy of the writor.
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Within the eirculatory syatom thiore are a mubor of ropulatory
mwachand ams which oparate as foodebackss  Cortain of these, oncrating in n
nesative dircetion tond to maintain homeontnsis; othors, with rosvect to
cortoin voriablos at L.ant, aporate in a pottive Cashion nand tond to
axagprorato rny disturbanee (Rarvon, 2),  Some ot the food-bnoks opnrato
altag-thor by hydranlie Aranemiepiony atheps are noupral roflexos. Tho
gimplgnt feed-baok mochanlom porhapa io tho olastielty of tho vascular walls,
An incrcase in meagure, producod any by a sbrenpor haart boat will strotoh
thogo walle, onlarping the velume of tho gystom, thorehy roduoing tho
progsuro within it in romo doproos  Thle would take aboub a third of a
gesond, nn asinted abave,  The dietontion would also lkoop somo hlond from
retnenine te the heart, thore bolng more reom for i in tho vossoln. Tho
vantriele would nat £11L ue papddly end the next oyntolo would bo wonlox
hoeruse bhe ventriole would boe Joss dlstondods I tho disturbing forco
ware hy nov romgrod this would bo pufflolont to rodugo tha artorinl prossure
and nermit the porivhoral vonseolo onso moro to roswne thelr normal sleo,
roturning the avatom o 1ba erlednal otnbo all rounds A tomporary modiiicn-
tion of the perdpharal resistoneo variable will have brought alld variablos
back to tholr ocipinal stato,

Mt shonld tha disturbing toroo bo continuous, no tomporary adjustmont
of prrinheral reslotanco op wmything oloo in tho systom ean bring back ‘tho
original etnte of nll varinbles, TU a progsure 43 continuounsly amnlied to
the systom somothing must ho adjueted to oppese 4l EBnergy deliverad to a
systum cannot alwnly vahishe If dintornal orocessure is to bo eonstant tho
porinhoral rcolstance mast romain lowerod, tho rato of flow inoroasod, or
both, Irolrical cvidonce noode to bo oxaminad to sco whothor all throo
variablon ara modifiod undor those conditions, roaching n now stato of
aquilibrium, nossibly through a scrics of ogscillations deponding on tho
damping congstant »f the systom,

The alartlelty of the vossel wallas has anothor rosult which oporatos
to nxaggeratc a ddsturbanes,; Should they bhooome more Allated in enc reglon

than In ancther ineroasad bHlaed proagsure will stratah atill fuprthor thoan
alroady dilated (Groon, 5) leading somotimos to gerious conaoquoncos.

An important noural rogulator is tho rofloy whose rocoptors are located
in the aortic arch and carotid sinus (Hoymans, 10)s Thoso rocoptors are
stimilat.d by nressure in thoe artorivs ard are normally in o stato of activity.
Taosr oxeltations are carricd to tho vasodeprossor cuntor by the vagus and
glossanharmeaal narvos, Efforent impulscc (parasympathotie) are thon
roturned to thoe heart, slowing its rete, and to tho walls of tho vessols,
cauaing thom to dileto. Both thaso chanpos would lowor tho pressuro and
mako the reflex a nogative focd-baclk with a stabilizing offect on pressurce

A similar prossure roflex oporates from roceptors in the large voins
near the hoart over a vagus afforent and a sympathotic offorant, Whcn vonous
pressury rises this roflox produces cardiac accoleration (Bainbridme roflox)
nnd possibly vascconstricidon (MacDowall roflox) (Barron, 2). Thoso reflexos
thorcfore oporate as foodohncks with o positive sim, incronscd venous
prossuro leading to oveata which nroduce a further inereaso in vencus
pressure,  The rclations of thils $0 the aomrtic arch rofloxos scom not woll
understood. On the on. hand tho nsortic arch rcfloxes gsom to bo dominant --
in the Llong run thoy or t4.i- wsndwal -t qust bo, or thors would be no stop-
pinge On the othor hand thero are (Juring some kinds of stimulation for
cxammle) occarions wien heart rate and vassceonstristion are nmaintained at an
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In the rerulation of moan blead pressuve, varlations In heart rate geem
to be of much loss importance than variatlons in periphoral rosistanco, Ovar
‘the normal range of hoart froguenniog tho minuto output of the heart varies
but 1i4tle with frequoncy (vonous prosoure bolng constant). ‘the volnma
ajoctad by the heart at uach slreke wlll vary onouph to componoate for the
ralo change becaven of tho variation Ly Lime avallable for filling of the
ventriclos (Barren, 2)e lonce 1t 48 usund that hoart rote 1is driven by
blood vroasure In nagative Cashion threngh the doovonror ra®lexos, rather
than vico~voraa. (Mareyta low) (Helf, 1L)e Tho oaos of miloo pressure o
nomnwhat difforents Inasmuoh ao a fantor hoart rato will allow less
vyonlricular filiine the atroke veolume of thoe hoart will bo reducad, although
tho minute volume romalna about constbants The slzo of tho vrosmure mloo
tharofora woull bo roduced, other things belng ogual, whon tho huart rste
{a inersanad,

Only a roudh estimate io woasible for tho tine taken for tho antonomic
foadabaeka Lo onorate,  Latoreins For antonomic rospongos extornally inttiated
nsacm Lo bo of tha srdor of a aogend or more, In an antonomic-autonomio
reftox ona mipht puoss tho timo wonld Lo twlos as mreat, anmounting to sovoral
o T andee Cwortadn vublluhod vosords {on dops) show values in tho noighborhood
of 5" (Her'f, 11). Aftor the cosanatlon of n diaturbing factor the ordjinal
il hriun s avvavently not roatored for upward of a minute (Wolss and
Baker, 17).

™o moat Imoortant Winput? to the oireulatory systom, from the standpeint
of tho bhouy's aconomy, 1s tho offoct of local muscular activity. Tho metabo-
1itea of contracting mizelo will nroduce a local vasodilation. As this ie
probably a relatively slow procoss, however, its direct influones may bo
imeored for the nraseont »urnoses. Aslido Lrom this, and othor humoral effoots,
the "inpits! 1o tho clreunlatory systom are bath noural and mechanical.. The
moat diroct offncts of ountelde stlmulld arc ovidontly lmprosivd upon the
svatem neurally. Thie coupline with the external world occurs at two loca-
tone 'n Lho gystom:  tho heart and the vascular wallse The "reservolrs®
of blend mucn as the splanciinic are somotimag spokon of as though thoy
conatituted yot another lecus of input, Sinec thoy consist of vascular
notvoriks, thare would scam o bo no neod to set thom apart, unless it is
shown that theoy hove some sooclal status aslde from the roat of the vascu-
latura, At oach of theso situs tha effoct may bo in olther nositive or
negative diroction; and oither offoet may be produced by dircet or inverse
acting norve fibors (for the hoart, orcssor and dowrossor, for the vussols,
conairictor and dilator). An inercase in the action of one of these will be
equivalunt in sign to a decroase in tho aetion of tho othar. TFor the hoart
tho direct acting norves (prassor) fliburs are symonthotic, the inverse acting
oncn, peracymathctic, For tho vessol walls tho direct acting {ibors {con-
strictor) arn symath-otie, the inverse (dilater) fibors, on tho othor hand,
are parasymnahetic, symoathetic, by erigin at loast, ond sometic (Barron, 2),
These lattor cenducl tho curious antldromic axone ruflexus which would nroduce
vasodilation orimarily st tho sito of etimulntion,

With two mochaniems eporating roelprocally ond naving a reciprocal
central cormaelion {2) it would scom Yo b Lmmetorisd which ono 4is seid to
nroduce a ¢iven cifeel. The othor wenld o)< ve be contrituting by » chango
¢l onpnoite sime Thor ar ticwever fue wava In thiich it does make a diff.r-
mezs vhere or p A0 M meeponiiann Jr gvenr Uhckie and tho other parasymnathotic
wooqhonld find, sccorting ia the weunl bollofy, that the symnathetie geuld
After i » dapper o et ST th aremisn, Pogailly wve rhounld wmeat te find
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racipracal netion at only ono sitoj at othors a vorintion in symnathotic
action without ruch change in ths parasympathotic, This implication, of
courss, noods verification Ly cbsorvation. In tho sncond nlace the external
rocepters for the two aystoms and the vathways leading to the autonomic
centers are probably independent, and not rosinrocally related, Heneo 11 is
nogsiblo that bath should bo notivated ar deaotivated abt ones, With o
cantral recinrocal comeotlon having less than norfeet tranomission this
vyould nean that Volh systoma would delivor inorsased discharpoe to the elemonis
~f tho cireulatory syntom which thoy control. This would provide opportunity
for the presscrs and doprossors Lo vary oconsensually an woll as reclprocally
and wonld ha the apipin of the stato of genoral autonomie oxoltement postue
lated by Arnold (1), So it 1im nadessary te rogard the contributien of both
diroct and tnvarse oporating ayostomo, olnoo the actlon of ono ocannot simply
bo inforrod fron tho aotion of tho o%hor.

Th 1s thovpht that for tho heart tho porasymuathoblo elreuits aro the
more imnartant (Maff, 11). Advenalin adainietored in small deses gonerally
brings about a slewine of hoart rate. This osoemo to moan that it fivot
raisag Le blood orenmra by vasosonstriotion, and tha® this prossura excoltes
tho paragympathotle roflazas suffioiently o offset any Mrect prassor offcot
it may havo on tho heart, Preswnably a dischargo over the prossor fibars
vould Lo similarly outwelthed. On tho othor hand tho oxpsrimont seoms to
sugreat that rapivherally Lhe symsabhetlc hao relatively moro offect,

The neural nathways irom oxternsl sonse organs to the cardicvasenlar
eyetem ars quils numsrous. Tho almplost, of course, is the already mentioned
axona reflex in vhich afforent norves conduct in both direetions to vreduco
vasodilation. Mero complox routes for both dircet and inverss acting systoms
nrobably 1ic throurh the spinal cord, throupgh the medulla, and superimposed
on these trroush ihe mid-brain :nd through the corcbral hemispheres. Fer
the vasocomgtrictor effects, it is sald that stimlation of any of the
afforert nerves (oxcent these involved in tho carotid sinus-aortic erch
rafiaxng) will nrodnee thom withont necessarily having any direct eifect on
tho heart (Rarron, 2). The action of the sympathotic in constricting periph-
oial redsels is uaually thousht %o be sproad through tho wholo organisms Its
offects, howover, are not the sams in ell reglons. The vasculature of the
brain, though innervated by the symmathotic, is little subjecv to the vaso-
constrictor reaction {Schmidt, 1€). Consoquently a genoral vasoconstriciion
will have tha ~onoral effect of incroasing the bLlood flow through the brain.
In muscular and glandular repions the vasoconstriction is also diffarential
bacauze the loeal dilation (rroducod by the metabolitos of local activitios)
jo nrenotent over tho vasocor striction (Hoymans, 10). Constriction in tho
less activo warts, thorefore, will force more blood into thuse active parts.
Vasodilotion 13 rovorted to he produced by the stimulation of certain loeal
rogions, narts of the sex orians for oxamplo. Procumably tho pathways for
any of those, as for pressor and dopressor effccts on the heert, would bhe
throush the auntonomii contere vy means of side branchag from ascending tracts
or by a return from the cercbral homisphoros through tho autonomic canters,

Busidus the dircet neural inr ta te the circulatory system there are a
rumber of mochrnical inputs, A rosmonse (to noural dischargs say) taking
nlaco in some other orgon svastom a0y impingo unon the vaacular systems
Espocinlly impertant action of this zord comce from the skolotal musclos and
from the rosniratory avatom. Yuernlar setivii, has ine loerl offact of
Alatdisp the blood verss.ls, so that in axorcise there is a coplous bleod
anrmly,  Thie would »robably take a little time to develep, Wt the antidromic
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ref 1o mipht come inteo onoration and produce vasedilation rathor quickly,
Since in the human the prageure oxertad unon the capilaries and venonz
system playe an important role in foroing the blood to vetwrn Lo the heart,
a variation in this pressure wonld medify vonous prossure aid flow. Bocause
of tha short latency of slslotal muovlo responsee this route would nroduce
the earliest modifications in the vasoular sysatom, inevenaing the venous
aresmure in a fow tonths of a seeend,

“ho reopiratory asystem alno makes a movhanloal contribution to the
cirer iation, Tho nopative pranmire in the thoraolo cavity apaiste the
roturn of tho bload to tho hoart, This nogative prossuro booomos atill
rroater during inantration,  The offoct in apaln to inoroase venous proaswuro
at tho antrance to tho hoart, and of sourse obart tho train of soquolao
thernfrom, A docronse in the siro of an inpmiration for exmmnle would lead
firsl to n fall in bleod prrssure, Tho timo involved would be rathor long,
bocaae of tha slownngn of the broathing oyalo,

With the avatnm roociving inpute Crom those varieun sources, and with
intornai foei-backa oparating as alroady dooseribad ono way btry to digearn
vhat noquoneas of odreulatory avanta would feollew. Variecus cases must be
conaidorod.

i,  The simnlant capas would he the hypothetloal one in which extornal
astimulation oxeites the sympathetde conters and not the warasympathotic
(uxcort throush reciprocal aotion). Noglooting for the moment a possible
gomatic msele tenzion cffoct, sympathetic impulses would reach the two
major inmut points of the circulatory system, the heart and the noripheral
vesseln, PRecause of the ahorter route Lt might be expected to reach tho
heart rirst, nerhaps ir loss than a soconds Two effects would thoreupon
avpe: ¢ the rato of the heart would incroaso, and tho stroke volume doclino,
Be 33 of this docline the nulse preaguro would also fall, with the mean
g urc romoining about the ocame. Whon the sym=athetic impulses roachod

perinhoral vossels thore would he a vasoconstriction. This would produce
an increase in venons prasgure, vhich aftor some delay would reach the rogion
of tho heart., Therc the prossor rofloxes, loading to further cardiac
accoleration and pesgibly vascconatriction would be set off. Rocause of
thedir latency, these effects wonld not rwpoar for a time. Thore would, how-
over, be an .mediate effect of more ranid vontricular filling and increascd
stroke volume which would increase hoth the nulse pressurc and thoe momn
nrterial vressurc. Tho aortic arch-carotid sinus reflexes would Le set off
and in +im~ oxert a braking offoct by reducing the hoart ratc and vaso-
constriction,

2. Sinco sympathetic rovtos from periphery are so common it goems
1likoly thoy would alwayg be involved in some measure in a resnonse to a
stiymlus unlass possibly they are alroady in maximum action. The para-
syrpatictie, howevor, can orobably bo aroused in rraater or losser msasurs
xloqy with the sympathetic. A pgonoral parasympethatic action would oppesc
the sympathetic offects at boin heart and periphery., If tho heart is more
suscoptible tec aarasympathctic effects, a woek aronsal of that division
wonld, suvcrimmosed on the gmpathotic, sive the same picture as that
deneribed for the (irst case, owerot “or a cardize slowing inetend of
accolerntion. I the prreamnaih {2, or moro oxactly dilater-deprasser
offuete vore lominant cvorywhor £ ¢ vholo soquense wwull bo inverted. Since
it socms ~haracltaristic of the naracvmpathotic to act indonendently in
Aifcorent rogions, all zorts of mixturea of effects could be nrodgroed
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dopending on losal dominsnce., A syetemic variable like blood preasure, of
course, would refloct the not halance betwoen tha two offccts on a system-
wide basis,

With thiaz analyeis in mind one oon examinoe rocorded cardiovascular
rosponnan Lo nee whother thay accord with the nxﬁmctod pattorns, and which
o will appoar in particular situations apnd partioular individualse

Mge 1 presonta a common twne of record of tho ehangoo in pressure
puloe and volume pulao Lo a atrong nolge stimilua, Tho prossure pulas wap
recorded from a orystal niok up with a small button atbtached to ito polat,
the whole being strapmod over the radial artery at tho weiets The volune
pulsa was taken from a fingor tip (on tho opposito hand, L4 ao happenod) by
mouns of an impadance plethysmographs (The detadls of thoso instyumonts ave
¢tvan in the lollowing uhnptor.? Al*housh rolabtions can be soon in the ono
record; the mean reaponsos of a group of subjoote will show thom with fower
variations, In ono groun, thevefore, nidht S1a wapa plven neise stimuli
(lond tona, about 1" duration) aftor thay had finished a aitting in a lio~
detoction exmarimont, Two stimuld wore glven each 8. The moans are shoun
in Mpeo 20 with the moasurements made at each pulsation, and plotted as a
tfunction of wmlsas rathor than of timo. In another group of 12 S'a similar
maasuren wore taken, tha only difference in the situation baing that the 8ta
wote riven the auditory stimali (four each al inteyvals of a minute as soon
as they were connoctad to the apparatus)s Their rosponses are shown in
T"i[', . 30

Tt 18 cleor in Mig, 1 that therc are inverse responsos in the prossure
axd volume pulscs. The volume pulso undorgoes a marked decline and actually
disnomoarsas far as this record is concernod. At about the time the volume
pulse reaches a minimum the pressure pulse shows a marked increase, In
othor words tho pressure pulae acts reciprocally aftor about 5" delay. Such
action i3 also Lo be seon in Pig, 24 At first glanco the two lines in Fig. 2
frclume and progsure amplitude) seom roughly parallel, tut it should be noted
that after the 11lth post-stimulus cycle the pressure pulse is abovo rest
level, whilo the volume pulse 18 still bolow ite Tn Fige 2 and Figs 3 there
in clear evidence of a dlphasic responsec in both the prossure pulse and the
pulse interval (invorse of hoart rate)s. At the same times in both groups,
theru 18 an acecleration-doprossion patiorn then a deceleration-enhancomont
pattern,

In Fig. 3 thero is an "anomalous" rosponse in the volume pulse. At the

timo it decresses in the provious reecords it now increases ty a similar amount.

Tha latency of initial rosponses in all three variables sooms to bo
2-3 hoart cyclos, nossibly vna cycle shorter Ior the heart rate roesponso
than for tho constriction of the volums pulse, This makes the latency about
the samu ar that for the g.s.v., ancther reshonse autonomically medinted,

At lons! a partial intorprotation of these results can be made on tha
basis of the forepeing analysis., In ig. 1 and Mg, 2 thero is ovidently o
sympathetic roeflox action whieh aanslaratzsz ths heart &d constricis the
vascriar bed., The changes in the nressure nulse ought to be referablo to
changas in the other two variatlos, There are twe roasons, thorcfore, why
the pressuare pulse shovrld £011 during tho first phaso of the responee in
Fie, 2. {There is some Indicetion of its decline in Fig. 1 alsec.) An
irercaced constriction of the meriohoral vessels will raise the diaztellce
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pressure iln the arteries, thereby msking the pressure pulse smaller. Likewlae

acceleration of the heart, with no Inorsase in 1ts inbut makes » smuller
stroke volume and therefore smaller prossure pulgs, The decline in preassure
pulso in Pig. 3 in the carly part of the rooponse must bo roefarred to vhe
heart effoct alons, or to vacooonobrlotion in places not ropresenied in the
record,

Tho recovory of the hoart from Ltn acccloratlon, and in FPigs L1 and 2,
the gradual reduction ol vasoconstriotion, would oome about simely through
cassation of tho sympathetlo dlocharge. Tho prooosn might be ansisted by
the aortic arch and emrotid sinun rofloxoa, though Lt veems doubtful that
artorial oroanure han boon rajood onough prdoy he thia tn alfect them,

The socond nhaso of the rosnonse, with clow hoart rate and high prossurs
pulan could bo oxnoetod as a oconsoquenco of the inltinl vasoaonotriotion,
On account of the low proamire in the velns a change in proasure would take
a long fime to travel to the henrt, and in ordoy to ralse prespure in the
vena cava thore would neod te bo some transport of bleod, which would
congumd more timo. Baocause of the vasosonstriotion tho ventrioelos of the
hoart will £1{11 at a faster rate; but only after the transmisalon tvime, which
might wall amount to the &" shown in the vecerd as tho timo butween vaso-
conntriction and prossurae nulse lnorease. With fastor ventrlouwlar filling
the streke valume of tho hoart and the pulsoe wressure (and moan pressure)
would, of course, incroase. With incrozsed nrossure the parasympathetic
reflexons would act to slow the heart bolew its "normel® vate.

In the case of I'ig. 3 1L may be supvosad that tho same mechanism
operates: that there is a vasoconstriction in some part of the body playing
the same role as befora, but that it i3 not so general as in the first caso
and does rot include the finger. The ph¥siologicel and situational condis-
tions which determine this difference romain to bo explored.

Tn brief we have, it seems, at least in Fip. 1 and Flg: 2 a diphasic
cardiv-vascular responae which for convonience may be called Type l, There
is first cardiac accelovration and vasoconstriction; when the offact of vaso-
constrictiion reaches the heart 1l produces the second puasc of tho rospinee,
an increased systolic and pulse pressure and consoquentiy a bolow normal
heart rato.

Tho avorago responge to verbal stimuli in a lie-detection oxmeriment
wag of this Typve l. (The exporiment, described elsewhorc in this report,
ugod 59 Sta who wero quostioned about "orimos" that ihsy did and did not
commit, rubjreted to thrcats of shock, and givon neut al quustions.) To
all tho varisties of stimull the mean roswonse viag vasoronstrictisn, So far
ag the ecoarcer timo scalo pormilts the heart rato and pressure rcactions are
gecn also to “ollow *° : pattern of Tyme 1. {Scc results clsewhere in rovwori.)
Tha donreeiand nt me the vrossure pulse couid net nosgibly show rincs n
measure wag avaii~Ylne at tho proper time. 7“hore is generally an indication
of w. i '1al heart acceluration in this oxperimont, though with tho heart
intorvals roca. 1= blocks of fiva as they wore here it does nct show as

‘:11: ’T.‘L'v’o

Thes: rermlta confirm the carmagtisn of Arnold (1) that a stimulus may
in{tint, a segouonec of maioewmie nrthorneg, b the sequance here dleplayed
Hltors "ron the enon she doserines and scemg ta dorive from a Adfforant
mechanier f're the ang ghe hoo iv mind.
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Yhore {15 desirable to ascurc sn index of autonomic action, or to
diseriminnto antoerdent conditiona in peneral, as ono deos in a lio-detoction
situation tho proferrod varisrblon noom to bo tho heart rate and porivchoral
vasocongtriction, Sinco it is thooe vhioh are {irot affocted by tho auto-

nemie netion there would bo toss opportuntty for teonbtamination! by oxtrancous
variabloa, Portunntoly thuso two varinblas are aloo quite sasy to rocord (sco

following section),

Thore 4n howovor the roscpeation about vasosenstrlcotion, that it is
vory orchably oot always o penoral bodily rosvensos (MMps 3 oooms to bo a
cacu whore 11 Tn note) To nnaonn tho avornll vasooonntriation (ex dilation)
nooreaars moasroment 1o ndvlsnble, sinoo the atoto of vageoonotrictlon,
Mrectly, and ttrovgh the madium of venous proosurc, s a principal dotore
“inant of artorial prossuro,  “horore vasoeenstrlotdon s loons, nrtorinl
prossutc g a systomie paramotor bacaugo tho syatem i hydvaulics. Among
he artorial preasuran syobolls han boon the traditlenal chogoh measura,
Dinatolie prassure vonld saom, thoorationlly, to bo Just as proemising.
Pulae nraasere, reflecting an 44 deos tho sbroko volumo of thn hoart, might
tirn ant. ta e the ment Anformative of all, particularly if it 46 considorod
in volation Lo the cardiac vnta,.
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CHAPTUR X1X
METHODS OF MEASURING CIRCULATORY VARIABLES

3ince thero are three basic cardiovascular veriables, pressure, flow,
and rosiatance, the oxperimental teohniques wsed will f£all into three genoral
clanses, each dirocted to the moasurament of somo varioty of oach of tha
three variablas, There {s the poanibility of a fourth class: toohniguos
which measure somo combination of the thren, Whors ouoh measurements consist
of known comoonents in known relationg thioy moy be vory uwseful. Ungyotomatic
and variable combinations should probably be aveidod in selentifio work,
ainee they depond so imich on Lhe nasuliaritios of portioular instrumenta,

Pronsurn weassiromenta, in turn, aro of tvo sorto. Some rocewd the
apnlication of presaure by tho hoart Lo the roat ~f the gyntem, othore aro
concerned with vreapueon ab vardoug times and nloacoo withidin the vasoulay
aysten,  Far the inar boat cno may aindy tho rats, foreo, and wavo form of
the eycle, T the nranenl sorias of oxnordments thore was no dreet atudy
of Uhe Tor=e of the hwar' bonk.  theueh thio might ba any interesting variablo
its atady way act undertakon bocaune of ita dovendsnco unon vonous prosaoure
(ctartineta 1awd, which {0 turn doponds wnen some of tho othor variobles
witich tora mopmivred,

Hoart Rato

The heart vata and regularity wera obtained from several tymes of
instruments One, a modified ferm of electrocardicgraph, was constructed
agngcially, for the purpesec. This consisted gimnly of a rather high gain
amplifier vhich fod into one channol of the common rocording apparatus,

For conveniencs in moaswing records it scemea well to eliminate tho smaller,
slower compononts of the EKG and loave only the QRS complox. Therefore tho
amplifiar wa= coneiracied to cut of f the lower froquenciss. The olrouit ls
ghown in "g. 1. 1In using this asystem alectrodes, consisting of 1/2" metal
disks were strapped to the foro-arms ovor areas treatoed with electrode Jelly
(EKO Iead I). With the recording paper running at a speed of 1% in. per sos.
1t was poasible to make maasurements of the time Letwoen beats to about

0L sec,

This rather simple systom is easy to operate and gives little troukle,
the only adjustmert roquired being that of setting the gain centrol, and one
cuttiog uswally sufficca for an S, Cortain problems arise, however, whan
EKG rocording is combined with other typos of instruments attachod to the S.
(For this raason S 1s lselated from diroct ground commection by mcans of a
condensoer.) Tho chisl difficultice come from the combination of this
instrraent with the g.ser. rocorder. If there i3 any a.c. used in the suoply
rircuits of thu p.n.r. rocorder ~r in its ro-sot motor (sce r.s.r. apparatus)
oyt will be introducad dinte § % bo nicked up again vy the WKG leads.
Complote battery omeration of #he pes.r. apparatus solvad the nroblew of such
a combinatien, Tt is, further; impossible to use a gu8S.r. instrument
attached 1o cach of S's "ands and recerd EKC at the same time. With two
Tet.Te cirenite attached ta hin 2 45 provnded on both hands, end the axms, of
courae, hecome equipnatential and vicld no EXG. (Tho double ~rounding makes
trovhye for TKG recordine fren ~baer ~lectrads Tocations as well, though it
may not oo amwossible, te find a satisfactory location,)
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In ponoral, it sooma to be more aconomical bo svours Lhe heart rate
moasure from one of tho pulso rocordinagn, {or those glve the hoart rate as
woll as other information abeut the cironlatory syotom. Tho EKQ 1la neccssary,
obviously, for study of tho hoart=pulno intorval (soc halow).

Artarial Progours

o moasiramont of artorial proasuras, ayntelie, dlastolle and puilao
proaoure, tho odf “foroncs botwsen tha two, prosont sortens lnohniend Aiff4-
eultios. Dnaic rosoarch on tha clyreulatery gyatom roquiren that thoso Lo
atudind, and the pea¥ious romidin of dlood praanuro moasivowents lu oxporl-
menta o 1ie dobeetion (Marmton, Ll Ghanpell, 2) mako it nwoonsary for a
mothodolopical. ptaly af that appileation,

Tn hin carly work Margten toek roadings Br hand rdth the usual clintoal
nrooadra,  Tho 1imitadiona of tho mothed ave ovident: roadings onnnot be
sac'mrad very froquontly or romlarly, and thoy would roguirs the fMmll atbon-
i of an oporator, To secure eontinions rocords laraon (10) adepiod the
apparatus which Erlanpor (4) had dovisod, tat uged 4L with loss than onough
pragsure on tho ouff to ccolude the arterys, Tho progmmre varlations in tho
cuff iteol? (producod by the mulso) are thon racorded by a tambour. Thio iso
the tochnique in genordl wse for 1o dotootion ot progsont, OChapnall (2)
mnintod ent ita shortcomivims mora than twenty yoars ago. Whilo tho devieco
doos show chanpes relatcd to blood prossure, thay are rolated in a variablo
and unkmown mamor. Lt is often sald it pivos relative rather than 'absoluto
measuress it 1s nrobably mors accurato to say that it glvos non-auantitative
rocords,

Several imvestigators have constructed and uged rathor olaborate
dovices for keeping tho arterv comnletnlw occelndad automatlcally and record-
ing the pressure that is noccssary to do so (Lange, 9; Darrow, 3; Stekvis,
13) and at loast ono such device is on the market. The basic principle is
to nlaco a pulse dotoctor of some sord bLolow the preasurs cuff and wake it
operate a nopative fewd-bnel inte the prossure aystem, Tochnically thesc
devices are quite satisfactory, but one healtuates to keop an artery occluded
for an cxpurimental sitting of any groat longth, Doing so is vainful to S
and mirht be harmful, Such instruments, of course, will rccord only systolic
proasurc,

A compromisc vlan of apnlyine intarmittent prossure to tho artory was
_‘\

therelore gdoptad In the nrasont exveriments. Intermittont prossures had
been vsed hefora (6); for our nurposes houwaver we ncodod a system which would

apply vragsure automatically in a detormined fashion, and a pulse dotector
vhirh wonld give s contimous record, The pengrael nlan wag te anply pressurs
to a cuff so that the pressere on the artery would incrzaso gradsally in a
Jinear fashion to some noint bayend tho ocelusion neint of tha artery, teo
have the orcasuro thoen reloased and, after a briof nause apnlicd again,
Somcwhere during the sgscent of the pressuro tho pulse below tho cuff would

be cut off, Knowing when thie hannzned from the contimous record it would
b possible te read the ecrremending point on the linocarly ~sconding
progsurce curve, vhich vonld be the seint of avstolic prasmre at the moment.
A simple nump wne conctrctod be amnly prosserae in this fashion, A roscrvolr
af He was mountad en oo lov v oarn (Fige 2).  This arm was raised and lowered
by 1 motor driven cam un that the mercury well followed the pattern showun in

[ ]
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led to the proasay cuffs Sinnce 44 i destreble te keep th o rolome ot i
euff ag amell ar poasaiblo, 14 wia mado of a slz inch lonpth of surpical
drodnapge tubire, 172" 4n Hamoteva  (Thin tubing has very thin wnlla.) &«
far ar poraible thia tube wan Gopt from smmonding In an outward direction
from the arm Wy o bipght oandaga, Whon the ouff wea applicd 1t was draincd
of Hpy, and of coursn wan cormlotoly collapoud since atr wan removed from
the avetom go far as 1t eondd b, An pranmire vas anpllod by the elevation
ol the moveusy vwell sl flotonh B vould onter tha auff te produce the

serired peatinrey,

An a milece Ind'eater in sue earlior axvorimanta wa vand the plathysmo-
praph (nan balew) o vecord tha valumo pulsa of the finpor. In preliminary
trlaln with Aty {n o resbingg condiblon thio seomad Lo pive orodiblo values
for the varlationg of bload proamroe producad by drlnking ooffos, by ane,
ctey i pthe vem o of the onarly oxnerimonts Ln whish 8t'a wore givon
<ttt shownd the "hlaad presanre® hohavdine in an unlikoly Cashlon.

I Pleetion on the edroulatory mechankoms rovealod the roasons The stismil
vere cansinge o vasoenalrdiction, probably rathor panaral in distributlon.
Thot, anvd Lo soare axbont cardine necaloration, wag produeing an increaco in
Ll d peenanye uhieh would Lond to koap the pialsa (balow tho cuffl) boating a
lenemy #tme " the face of the inaveasing predgsure. 1no leoal vascular bed,
actreve o alue undargoine vageoonatriotion, and hore tha offeot would bo
Lo rosrtapata the alao soonor,  The romlt wag thoreforo a contest boiweon
the oyrlomic varcconatrietion and the losal. “Whoreas with ne chanpun in
vasoronatriction the tochnique would give a reasonable monsure of blood
preassare; it wold not da an when tho constriction changed, Unfortunately,
~l eourse this Lo vha situation of intorest in a pasycholopical exmerimont.

TL was necessnry therafore to deviso another means of indicating the
presence of the mulse bolow the cuff. It wng reasoned that the pulso in an
artery is littla affected by vasoconstriction. By strapping a crystal pick-
wp wlin a small button on it over the radial artery we were able to picl up
ite pmlse, This was amplified with the EKG amplificr and put on the record-
ing paner through cne of the pens. Tho bepiming of the appiication of
proesure on e@ach pump cyele ras indicated bw a brief interruption of the
witine voltage of this pen.

Jy this devies we have a paralicl to the usual clinical situation of
takin~ bleod pregssures by palpatery or avseultatory procedurse. A typical
racord I8 shovm in Pig. s In ronding such records the diminishing peaks of
pulse wavos wora comacted with a straight 1inc, and the »oint of its inter-
#ction with the baego 1ine takon to vreprosent tho systolic pressure. Thore
fo reason to baljuve that diastelic pressure can also be reed., As the
procenre climbs the nulsc will, aftor a voint, besin to incroass (see Fig. ).
Wit #4311 ercator vrossure it decroases and Jdisanpoars. Thoe inereasing
vhase would ov'dently come abmut beecanse blood fiow into the artory is being
mere and more cut of © during disstele, and when it i: commlatoly cut off the
milae nressare is working into a collanrcd artery, mroducing a bigper varia-
‘e an its This voint of maxi-=um pelse, therefore, should ropresent the
peint ot vhieh diartolic prossure 1s Just balanced out: that is, the diastolic
P sare.  This neint has hooa meamirs? in tho experimont where this record-
ne wothed war usod,

Ve prosmtra enf i g B poeert from the eryctal pick-up may bo
exaretod to Andicate pulse nrescoateg 1,64, the amomd, of swing the artorial
procoirs uaderpocs n cach pulae beat,  Bvan where thero are poriedic

Ty




"NOLLYOMddY IUNSSd
=D SN NI9Z8 JLYANI IND NI SHVIYE ‘IYesS3ud  JIIQLSAS

30 INIGd 1LV NOISTIOJ0 ONIMOHS 3SINd MNSSINd “WIL3Ly? + '9i4

i erenie S T SN S S W) Fy 2 I '] FIICINS SV S S JCN N TN T Y S T B -] m-'n_nwnknnn.o~ynrnknu

s T T e TV Y PRp Y Y EFTL 1 11 YV ERIBTVIITINNS MY | I TR VAU RN DYRTOIYY MRV 111 SIVOVIY




applications of pressure from the cuff the slze of the pulae wave way
indicete this pulsatile pressure i1f meanuroments are made at correspending
points in the pump cycle. Such measires wera tloo taken on the vecords,

As 8 whole this mathod of socuring arterial proosuros seems quite
promioing. Certain foawures, howaver, oughd to be improveds It is rather
cumbersome to cstablish ic point of zare oull pressure, ainece it deponds
on the relative holght of tho ouf'f and pumpe This was measwrod oruidely for
each S, tut ns use wan nmndo of tho maaouro in handling the dataes Too much
denends, also, on tho aklll of an onorator in gotting the wrapping tinht
around ths preamire ouffs A loosn wravping will pornit too much Hg to
ontor the cuff with tho rosult that cuff presouve dood not follow the movew
mont of tho numm arm, JIn the proaont exverimont wo ave concerned with
changos in arturial prosmro as the stimulus 4s anplied and marve importantly
with diffaoroncos in thoso changoy within an individual, Hhoso soom to ba
roeprommtod roasonubly woll, though wo would hardly bo able to glva the totsl
artertal prosmre in abaselute undba.

Prossure and Reslstance Moamire, the Veloodty of tha

Palie Wove (foart-Fulskd Lag)

R ]

Vhon thuo heart beat forces a quantity of biood into the sorta a shoek
wavo is introduced into the fluld in tho systems The blood pushod out from
tho heart of courao berins to flow, but rathor slowly. The shock wave,
which constitutes the exrterial pressura pulse travels much fastor., Wero it
not for tho effoct of tho vesssl walls (boundary gonditions) 4t would travel
with thue velocity of sound in the fluid, The fluid is, however, contained
by alastic walls which give under the pressure wave, and in so doing slow 1t
down. This velocity has boen studicd fer its biophysical interast (King, 7;
Hemiiton, 6) but its variation, if any, with stimuli to the individual have
rot beon invostigated. The velocity would depend, as biophysical analysis
showz, on the moan arterial prossurc and on tho olastic distensibility of
the arteries. Xing presents data which show, for the aorta, o noarly linear
rélatllon Lotwesn mean artorial prossire and pulss veloclty within thie normal
range of prossurcs, His data also show a nearly lincar relation between S ,
an inverse measure of the distonsibility of the arterlas, and the velocity
ovor tho normal rangzs of . Thus voloclity increases as a function of mean
pressure, and as o functien of ago, for & is groater with groator age.

King is of the opinion that tho velocity can be used as an index of {3, and
by imlication, of mean pressurc, Hamllton advancos cortain objections,
vhich seam howover to bear more on msasureront of absolute values than they
wald an maasurements of changca._.

Invertigators have beoon intercested in measuring the "pormanent" state
of & mationt's artories by this meanss I mey be that the measure will
servo even Lotltor for the measuYement of changos produced by stimulation of
the individual. It would measury, of course, 2 combination of variablos:
the pressurc and the resistance of the artery walls. Both may bo expected
to vary, thougn prossura is probably the dominant variable within tho
individual, Tho moasure would bho morce consitive with oldor persons than
with youger for varlations would aroduce groater offocts when pressuro and
£ arc hiph to begin with, as thoy cre in older persons. Since a very high
proportion of the tims for pulse propagation ls %aken in {raversing the
large artories, it would bo variaticns in thsir olasticity which wouid be
roflneted in tho moasura,




Technlenlly the tdme betwoon tho heart systole and tho -wrival of the
pulse at the poriphory is quite cany to ebindn. 1In a rocoerd showing the
EK3 ond the volumo pulse from tho fingar {coserdod by tho plothysmogranh
described bolow) one hes Lut Lo monsuroe $ho timo Lotweon the peak of twe
cardiepram and the poak of tho puloo wave. fSinoe this s nbent .M tha
nanor souad noods to bo rather rapld,

Bloud Flow and Pariphoral, Roslutance Monsuros

To wonamro blond flow direstly 1L wonld Lo nosossnyy to insert a conmala
into a vomnols Pub 11 ono monpuras the volumo or diometor of romo mombor,
a Ploger for oxamlo, ho will havo an indox of tho amount of hleod prosunt
in the repion ab the timo, singe ohangus ir volumo avo produced Ly ineronsos
ant doorcanad in tho amownt of' hleod contained in tho vearola., With a
pivon prasoura, thon, the rato of flow wonld vary as a funstion of the amount
of blood at o pnint nt n ~tvan tima,  Tn this moasurament one has Dot
obbainod an dndox of vosiotanoo, which 18 invoruely rolatod to the fourth
povsr of the diamctor of tho vaesaals (Podssoults law), thon, given a knowe
lodma of proassuro by soma athor masna; doprived tho flow from tha twe. The
to muasuromonis mado hora, in othar words, arn most olosely rolated to
proagur. ans r.ogletancs, and it would Lo proforable to leave tho measwras in
thase tormn, vathor than atbompt te compute the Llow,

The plethysmograph, or velume measuring instrumont, has of course long
rocn known in poychological iaboratori.e in one form or anothor, Apparontly
the lacomvonlonea and inaccuracy of tho hydranlic and nnoumatic modols
pravented vury wide use by psyoholepical oxporimentors. Its nogloct is
unfortunate, since thw constriction-dilation of the small vessels is perhapc
tho moat immortant variation in tho circulatory cystom.

Tho electrical imvedance nlethysmograph describod by Nvboor (12) soomed
to offor convonloncu, acowracy and sonsitivity whish wonld facilitato this
sort of investigation, Tho basic princinle of tho inatrumont iz to pass a
high frequeney curvont through tha tiasues of somo part, and to moasure the
impadence tho tissuss offor to ¥.is currant. Tho high {requency would
oliminnie wolarizavion of tho tissuos by the curront, and thoir impodanco
vould bo cxpocted Lo vary with the distance traversod by the current. (Tho
high froguoncy would alse provent the p.g.r. from ontoring the record.)
lyboer domonstratos that with oloctrodes located longitudinglly on the
fingor, inercesed volume (increased cross sactional arca) weuld proportion-
Allv A" yinigh tho impedance (assuming that the change is rosictiv: only).
4o wresmte o velume pulse rocord takon by machanical mcans (prosumably an
accurato ons) and en iduntical ene sccurod by the impedance plathysmograph.

Wo thorefore conatructed two Myboor plothysmographs, tut immaciately
ren into difficultics with thom. The design is apoerontly predicatod on
the swmnosition that tisswos are non-reactive resistances or at least have
little reactanca, It is well knowvm, however, thot thare is a substantial
canacity vector in tlssucse For this reanon, apparently, we wore unable to
brinp the instrumonts Lo mn initi-1 balmcod statc. As Nyboer deseribes tho
omaretion of the dovice it is earmardne the impodance of two sogments of
tissuc, rathcr than commaring onc with ap cbjective standard. (Thiz mayr be
the maan by which ho seeured -~ 1:d-me.,) Used as he deseribes posaibly the
instrument eoula be balencud, but wita considorable loss of inforaation.
Stnec the instrament seomed n-edlessly claborate and complicatsd +o cperate




anyway, wo dovised a revisien of the eirouit, It turned out that the parte
used in building the original two instruments were snoush to build four now
circuita, with some extras laft overs An in the ilyboer oircuit, the measmring
currant o doviged from an rofe ponerator (L35 ke), showm in Fig. S around
the tubo, From here we devart {rom the earlier »lan, The voltage from the
gemerator tuken off thronpgh the tranafermer TL is apnlied asross S and a
sories reslotor of 1000 vhme  This voltape will; of cnurse, be distyibuted
over 9 and tha fixod roglotory R, in nroncrtlon to thoir impoedances, Ir S
has an twpoadaneo 2 tho veltago ncroos him will bo ?ELﬁ X B, & bodng the

A
aopliad voltape, 2 being amall in rolation to R, we may eimply say that the
volbope aorons 8 L5 propertional te 2, bin impadanos, To oliminato vhaso
shift effoats the noxt overation a1 the olrouit is to reobtily this volbago
by tho tube 6H6. Thon, boomui+ tho volbage du quite largs with rosveot to
tte fluntoations, in whioh wo are intorestod, a part of it in opposed by an
apposito voltapa taken from the cathods olrondt of tho noxt *ubo (68J7)e
The algeoraie mm of theaso voltepos iu then pub into tha 6807 for amplifica=-
tiois  Tha motor Jecatad in the outpubt of this tubo inidicates how the oppos
ing volinge i1 bhe lnout olrendt shenld bo adjuateds 'Tho size of the ouiput
enrront which corresponds to L& optimnl input blas was dotormined when tha
Instruments were constructed, TFor ono of tha instrunents, for oxamnlo, it
turned out te be 160 mae So vhon an 8 was first dntrodused inte the cdroult
the operator adjusted ths ooposing voltaps until the moter yead 160 mas %hen
roadings of total impeaance ware dosirad this was done by manipulation of a
calibrated notentiometor (Holipet) shiown in the diograms This setting will
wotb aned te be changod durdng a sitbing 4n most camos,

From the cutpubt of the 68J7 there are divergont pathis which can bo
operated at the same time. Ono is a direct coupled nathway which will record
a1l changaes oconrring in Sts immedance, (It is most vseful for long term
drifts, and mlaht be more convenient 4f the nulise variations wore oliminated
by a shunting condenser.) Since these slow changes require furthor amplifi-
cation thoy arc passed on to ono of the standard direct coupled amplificrs
(zo0 later section). Before the output of the 6517 could be handled by thesa,
howovor, ancther noutralization had to occur to eliminate & large unvarying
portion of the output. Thia tc tho nurposs of the bucking battery werking
into a motontiomotor chewn in the diagrom, This netentiomster sotting
constitutes a pormanent adjustment so long as *“he battery and ‘mka romain
the same,

Bvt, on occasiom, wo arc intorested i. the pulse wave itself, rathes
than in the slow imocdance drifts. Tor th-. wurpose it is more conveuient
to usc canpsiity coupling than direct cous” ing in subscquont amplification,
ltonze the second pathway out of the plet iysmographe Thourh a coupling
condenger 1t loads to a voltap: amlifior of standard design as shown in
Mg, A, The time constant of this amplifier wag a mattar of compromisc.
The Tirst arvangomont was feor o timg congtant of 0.1 second; thia nroduced
something like the first dordvative of the milse wave, waich world be hard
te int.rprot for some puroeses. Goine to tho other extreome the noxt arrange-
meat had a time eonstant of 2%, Wth thls tho slov drifts would also bs
tranemittod te come extent; thoy twould block tho aolificr with an overload
and a long poriod would onsus bafora 44 vagrined oquilibrium, The comoromiss
wag for n time constant of L/?%. ihins scoms to give n Pairly accurate nicture
of the more rapid rising limit o the paloe wave, althouph it does dlstort
the slower dsaconding phase somovhot, 8Seo e, T,
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FIG. 7
VOLUME PULSE FROM THREE DIFFERENT
FLECTRODE LOCATIONS (SEE TEXT)
A VA
A
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n our use of the instrumont we placsed the slactrodes (flat dropas of
solder) on the front and back of the finger tip lnatoad of using the longi-
tudinal arrancement as Nyboer dosorihos, The mathomatical analysis of the
volume~imsedance relation i more oompisx in thio case, for if the finger is
treatod as a cylinder with aqual axpanaion from tho axis (Nybosr!s analowy)
tho {mpadanca would not vary with the veluma and no pulsa a0 other hango
vould ba detectabla, Mo oa mabtor of faot, of course the pulse and obher
chenpas o ghow with thie load diswosition and about an rondily as with
lonpitudinal lnado.  Tho dlrsotion of the wave 1o invorse:r PFig. 7 juxtapeses
records takon from the aamg 1 at Aifforont +imes with three typou of loadsn,
Lino B eomon from tha arvangament uged in our expordment, Line O was taken
from Tonaitwdinal Tnado, and L4 10 oloarly the mirror image of B, Hybear's
analyaio indteatou Lthat the variationa In C would be inversoly proporviional
trn velmwe, Those in Tine B would seom, thorelora, to Ln direoily vropor-
tional to voluma, or nearly se. Lino A in Filg. 7 shows tho pulso wave with
tha olrotrodon on o aransvorso axis of the fingor; ie¢., {rom side to side.
The wave form and aizn seom to bo idonticol with thoase of Line Bs The basic
vhysical theory of an imnodance change which would show those phase relatione
remainn to be wocked out.

Tn attacring electrodos wo applled a emall amount of ntandavd eloctrodo
jelly to tho aruas with which the rlnctrodes would form contact, With
electrod:s jelly all round the finmor, mnd sometimes if no Jolly at all in
vaed the form of the nulss wave is changod substantially. The probable
interpratation s that a surface pathway whose impedance comparss with that
of an intorior pathway acts as o shunted capacity, or more likely nerhaps,
as a raogiator shunted across the canacity of the finger.

In cortain exnoriments we havo used the diroct coupled typo of recording
to show tho nlow volumo changes; in othors we have used tho capacity ¢ upling
to bring out thoe pulsc wave only. The two methods would be sxpected to gilve
the same results, Tn tho one case tho measvrement gives the smount which
the -larlic vessel walls are distended undor a more or less stoady nressure:
tho dAtartolic, In the othor case the moasuremont pives tho amount of addi-
tional dilation oroduccd by the lncrements in pressure supplied periodically
by the pulsa, The one will on tho average test tho prassure velums function
at a s8lt7hily nigher level, oabt it wowld probably reveal much the samo
coafficient of elasticity (o enefficiont which varios under neural influoncos),

A snocial method of moasurine blond flow has been nropescd by Abramson
{1) and usod by Lacay (8) in nsycholorical investigations. The technique i3
to apb ¥ instantancounly to the basz of tho fingor enough nresgsurs to eccludo
tho veins but not cnough to occlude the arteries. The effect is to male a
clocod sac of tho vascrlature of the fingor, with the arterial pressure
sufficient to foree blood into it until 3t is dilatod to the point where the
opposing olastic pressure of the vessel walls is cqual to the pressure in tho
arterios leading in. It is posgibla to moasurse the amount of blood flow into
the sac (incroase in sac volwume) Awring say, the first cardiac cycle after
occlusion, and teks thie as an indicator of the normal blood flow., 1% ia
alsc poasible to uso the time for f£illing tic sac and the amount of its
distention as monsurag of circulatory cenrditionss

The ~l.ctrfcal analegy for the system would be & cendenser witn 2 loak
(to resrescnt venous outflow) with an o,m.Ce applied to the terminale, With
tho prezrure enff the leak is cut off, Ono observes, thon, tho rate of
accumulat lon of aleetrieity in the condorser. One could in additin obsorvn




the tatnl ac~amulation and the t4me roquircd far that sccumulation to tohe
place, AT these measuros shenld «lvn information abovt ihe spplicd cemefs
(the artorial preassera), the copacity (diatonsibiliey) and theie combinations,

Sneh on metho? ($he venous acelusion techniges) would Bo an alternative,
Lhowsy 11 wenld net noom tho enly way of nelvine tho nroblume  Ono coull, of
cenrge, moamure tho ocharactordaticon of a eirouit in which Lthe condornor has
a daak (U roolobor) and agpoet Lo ot thue femo constante he would L tho
loals wore roemevod,  Se one mizht cvmoed o pot tho pame vogalbe from measuro-
monte mada in thoe eediaspy "Iymemie® condltion of the eireulation, ng would
como from the wsope claborate tochiniqua of meaducing o tommorary atasies

fn enpe grori=erdn wo unod en corbadn grouns of subjooto an opoliod
nrecenre scernd the b of tha fispoy whleh dad tdangalor rathor than a
ggoare vevo forayoand rose to maich a hediht oo oventially te noelude the
e caoac 1L an bho vodne (sog @ty B)e  TH wonld socn howover that wmich
Boowam et e wos b wmlyy The ertorial veoampro amnliod to the vosorvoir
vontd dociine tn Hponar Canhion A aver tho marlod lavolved would avorame
1/2 of the undinlerbad prosgero, Tho finnl quantity contained by the
resomeatp wyould thovolore to lane than that produged by full preasurc, but
L mearsirem nta chonld b eommarable wth olhara Lalkon by tha eame methed.
THai ety fae rate of flow would by contimially diminichod boenaaa of the
Aeeroantine protoura,  Crom one tweacursmont o anothor howovor thin would be
~onstont, ohepeas bhe moasuromants would vary according bo the velwi. olase
tirity ot £« vroeorvalr,

The aort of racerd abtained from sur oxporinental sryangomont is shown
in Fig. R, The total volwme ourve boping to risn ahout 149 aftor tho appli-
cation of preasurs bering, a noint which 1a doubtlags ronresontutive of the
venous nrassure, It rises in somevhat stonvige {achion in the succesaive
ntelaes ontil a noint of equilibrium is reachad at atiout the sawe timo that
the milse (unper lire) disappears, A 1ittle after the noint where the
extarnal oreasurc starts ranidly down thers is a ali~ht further Increase in
tha total volme, Toubtless this indicater that the arilery has heen oponed,
allawring fairly bigh oressure to overato. Tn about a second, then, the letd
volume daclines ranidly, iIndicating thnt tho vains have now boan openad and
the systea 18 returning to normal equilibriume In tihe record we have
meamcod thran timn values: Time A WDistension Tims", from the onsol ol
extornal prassure to the point of maximum distensicn; Time B "Time to Venous
Release", fron the beginning of pressure release to tho beginning of the
deciine in volume; Time C "BEquillbration Time", from the boginnine -f this
decline until a normal equilibrium is estoblished, as roprescnted by a
straleht line. Tn addition, the amount of dietension was measured,

I the foremoing analysis 1s correct tho Amount of Distension should

nefiant $ha MWland mnammeses ond 4ha Adakaroihd
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aion Time should mepresent only the lubter, {Timc taken Lo charge a
condenser ie indevendent of appiied valtapgs.) The Time to Venous Releasc
wotild bn o gort of complemontary mcasure of venous pressure, The Tquilibra-

tion Timp would seom %o measure tho sarmn function as the Distension Tirwe,

In certain cxperimental situariens wo computed the ratie of the
Distension to the Mstension Timo, TFor the various oxvorimental conditions
the mean ratios (progonted elsovhors in thic report) wers practically iden-
tical, fTheorotically ono would expoct such a ratio to reveal varial:ons in
pressurc, As thov do net; therc ie additional raason for belloving that
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prossure varlation plays but a small role in the distention, in comparison
to that nlayod by vasoconstriotion.

Moasuroment of Volumo Changos Ly Rosording Tomporature Variahlons

Undur dtandard conditions tho tomperature of the skin is bolioved to
raflect tho amount of olraulation in Lt, and in tho wholo undorlying rogions
Theve is undor normal conditlonn a tomporaturo gradlont from tho interior of
the body to a point somowhoro distont from tho askine Tho slope of bhis
gradiont. will vary with the hoat insulating proportieon ol the various tissues
and with tho amount of wator svanoratod from the surfacy of tho vkine ho
Llow of hoat along this gradiant, of aouvso, tonds to dlminish tho pradionts
1t !s maintained by tho delivery of moro onorgy to tho high points Oinco tho
tomporaturo of artoriul bBloed i about gonptant, tho woro blood thore ie
coning into the ropion the groater tho [low will bo and tho highor tho
toamporature a2t 2 glvon woint,

There are ovidontly a vambor of othor factors which would affaot the
tomparature roadint at a nolnt, howovore Jdoally thoroe should be a terminus
for t'.. gralioni having a ocongtant tomporature mointained in anite of variae
{dong in heat flows The svaporatlon of molsture from the skin will depond
unon tho atmosnlerdc coni’ticna of toamporatura, molsture contont, and
ventilation, az woll as npon the amoun® of moisturo produceds, Aside from
conductlon thure will be heat loss from the body by radiation as woll as by
condustion, with radiation varying with temporaturs in o -different fashion
from comuucllons The importancs of thosa disturbing factowm om be nasessed only
through exvoriment., Somo of them can be controlled with sufficient painsj
othors camnot.

Wo have tekon rescrds with o temperaturc measuring dovice in certain
oxporimontses The transducer wag o thermocouple in conbact with the inner
surface of a Lingor., T.ie signal from this was carried to the amplifier
whose design is showm in Flg. 9. Since tho signals of intercst were rather
slow ones, it was necessory to regard them as dircct ocwwrent states. Beldng
small they roquircd congidorable amplificatlon more than is roadily secured
by dircct coupled amplification. The dasiem thoroforo waz o inkerrmnt the
oignal with a vibrator (60 eps), thoreby convorting the diroct currant into
pulses whesce size would be proportional to the osignal. These could then be
troated as altoriating current, and amliflod with a resistance-capacity
circuit, as showm in Fig. 9+ After amolificatlion the signal is again
convuricd to dirasct current by rootifieations For convenience this system
ig provided with a moansg of sebling tho output at a pre-deteraincd zers
soint, and o dovice for introducing a test aignal into the circuit for
calibration purposos.

This cireuit sorved as a pre-amplifior for a direct coupled amplifior
with automatic roeset (deséribud slscwhero in the reportje This sort of
devico was almost a necessity hocause there werc in many Sta long drifts in
temporature, of uncertein oricin, which would Lroquontly bring the recording

- L 3% & {4 ana’l A QAhdTT humdilanor weanNIPL Akl ac , oY cqqnme ey
dovice to th 53‘-;!« Gf 358 S0NLGe  GYhaaa ARIUIST QiaLiulavaln was J8CiSssaly o

make the output of tho dircet conpled amolifiss diive a recording pen, (also
described clsewhore).

To maintain sometuing like econstant tomoarature conditions the Ste room
was coolcd by an alr conditioner to o tommorature of 729,
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Though gonaral obsorvation of our records indicatus that thc disturbing
factors vlay a oretty largo role in the measurcment, it is possibls that tho
mothod may bo of some use in thu atudy of vasouiar rasponses.
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OHAPTER XIIX

BRUATHING RESPONSNHS: PHYSIOQLOGIOAL RRLATTONS AND RECORDING TRCHNIQUES

1, Phyvalolopieal Mooliandumy

Braathing movemonts wers one of tho oarliest intoreste of exporimsnters
on amotion, and this vaviable was the first of tho bodily changes to recelve
exporimontal study for tho purposon of lioedotootion (1)e It atill consti-
gufesi oﬁ conrso, ono of the throo variubles of tho comvonbileonal Wlies
adotaotopr' 4

In the oarly days intorprotation of broathing movemonto soomod to dopend
a good doal on nouthotio considorationo: symiotrical md ragular hreathing
wag roaredod e normals Honry (3) aotwally appliod an aonthotdes Lormula ho
had inrentad o *he svalustion of braathlng curves. Bvon up to the presont
time oaychuloglots hovo pald no attontion to tho rola which breathing changee
may play in tho physiolopltal oconomy. Fov tho undeystanding of “emotlonal!
roemonses and for thoir practical wse in the deteotion procedure much
knowledgs soumn nocossarys

The reopiratory movomert oystom operatos so as to produco a perdodic
onlargeqani of the thornoic cavity Ly outward movement of tha chest wall,
doprossicn «f tha diaphram and outward displocement of the abdominal walle¥
The nervous mechaniem whioh maintains “his poricdic acbion conplats of three
main parts. In ordinary broathing the respiratory center in the medulla
producos a train of impulsos, gonarated in the cunter 1ltself, which upon
arriving in the theracic and abdeminal musclos tends to produce inspiration.
Operating by 4tsolf thls mechanlsm would produce a centinued distention of
the thorax. Dut its output is modulatod by tho oparation-of iwe negative
foed=backs with time constants such as to produce an overall oscillatory
gystoms The first of these is activatod ly pressurs resoptors in the alveolar
walls which set off tho responses known as the Hering~-Browey roflexes. A
distontion of the walls will activate a voflew, whose afferent path is over
the vagus, which inhibits the output of the inspiratory breathing center, so
that the mscular contractions are radiuced and the chest cavity roturns
elactically to 1ts normal size. In case ths Hering.Brauar reflex ic e=pe=
cinlly larcc raciprecal action is alse elicited from an expiratery center
adjacent to the inspiratory, and the raduction of the chegt cavity is speeded
up. The sccond modulabing foedback oporates in the same fashion, parallel to
the Nering-Brouer reflexes, but its mochanism is wholly neurals The phoumos
taxic ccnter in the vontile region ovidently receives impulsas directly from
the maln Sreathing conter and focds back inhibitory and reclprocszlly acting
imoulses Lo it with 2 certain dims laz.

The normal breathing movement cycle iz asymmsirical, with & shorter
inspiratory phase, At the end of each exniration thore is normally a briof
period of rest, with perhaps a slipght movement in one direction or the othere.
Thws the cycle may be said to consist of throa phases, inspiration, oxpira-
tion and rcst, though the exact boundaries would be hard to distinguish,
During vhonation, of course, the form of the breathing movemont is greatly
altored, Since sounds are produced almost wholly by oxpired air the timo of
expiration tonds to he maximized.

* Por the basic physiology horo summarizod, reliance hag boen placed upon
tho accomnts in (2, S, 6).
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Tha charaocteriatios of broathing movoments arc subjuct to wide variations.

In ratu, hewevor, wido fluctuations are found nrincipally in dissase condi-
tlonss HModerate oxeroiso, on the othor hand, piroduces un incrcase of only
16% in broathing rato (2)s Dopth of broatitlng, and,of nsourss, tho vontila-
tlon por minute variocs groatly cven in 4ho novmal individund, moderats
oxorciso ralsing tho intake wor ayolo Ly o Laotor of 7.

Tho inpubts to tho broathing syatom whioh initiato thuses chatipus aro
net woll undorstoods Cordaln oftoots ars known, bub nono acem Lavge oneugh
to acoownt for tho slso of the ohanpoze Ohemiosl vopulation la, of sourdo,
of conaidorablo importancos Tho 00p eontont of tha blood hse a direot notion
upon the resplratory contor ineroasing donth of the Iweathings Booowse of
thie input, any disturbonce in totel ventilation will tend to o followsd by
ito opwosita. Tn hyporventilatlon tho CN2 4n tho blead is vedused, und obhor
thinge bedng oqual a pordod of hywoventilation will andius,

Inpute to tho broathing systom arc knowa Lo como fr¥om tho ohomiecal
rocontors of gortic und caretid sinue complox, so that thio roguwlablon of
broathing by blood C0s is doubly dotermingd, Musoular activity le belioved
to initiate rofloxos which inorease tho activity of the insplratory centey,
and, quite posailly tho excltation of any sonso ergan, (or a chahgo in ito
excitation) has r similar affoot, Hince breathing movements can Bo
cortrolled "waluntarily' until the blood COz rgachesn certain limits, it may
boe inforred that there are pathways over which inputs coming through the
cerabral cortex can reach the raapivatory centers In conditions when the
organigm manifests signe of nutonomic activity there sesm to ba, typically,
bresthing changes as well, thongh not all broathing changas are dirsctly
related to autonomic action, One might expsct thorefore some divest -conneaw
tion betweon the aytonomic system and the broathing system.

The genoral character of tho inputs to the respiratory movement system
moy be sugpested by an eloctracal network annlogye. One nay think of trie
ingpiratory contor as genorating a carrior frequency, which 4s reciified and
summad ovar a parded of time (by tho skelotal ruscles), ((f course the
manner of condugtion in an eleotrical network is differen’ from that in the
norvous system, but this scems immaterial for the present purpose.) The
rectifiod output is then eawried back o the gensrator and modulates the
signal through an output valuwe, This feed-back shiould be considered as great
enough ao that no steady squilibrium will be estabiished: Tho cayrier
{requency iherefore has a slow wave imposed upon it, actuelly enocugh to causgo
its complete oblitoration when the feed=-back iz conducting maximally. The
notwork would ha that of an automatic volums control cirvcultd adjusted to a
point teyond its eritlcal cscillation frequoncy s50 as to produce a "motor-

| PRg, P P . ¥ 3oy E O N R T YN, Ry Y £ At leana adla - - —
voating” elffect, the analogus of the brsathing cyclo.

Suppose, how, that the power of the generator is incrcascdc Tho effect
would be tc increase the size of the "motorboating! waves. But it would not
chanpe their froquency, f~r this would depend only upon the constants 2. Ui
network, not upon the input to it. The analogy would mean that increasing
and dacreaaing the activity of the respiratory center by chomical moans ox
by neursl influences from outzide the broathing systom could change thoe
dopth of breathing, but would not affoct its rate. levorthsless rate changes
do, of coursg, take place, and ths inforonce is thal the constants of the
feed-back eireuit ars somehow chanered.
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In aome puldionary and cardiaé disoases tho receptors for the Hering~
Brouor rolloxes are sensitised (6). BSuch a condition would result in an
inoronsed fraquoncy of the broathing rhythm as woll as decroase in dopth.
Sonsi tization, that ia ko amay, ohangan tho congtunbo of tho foad-bacic
circuit, and this may bo ono point of impub for vouplratory medification
in tho normal individual Likowise, O course ohamgo in tho exoltabllity of
tho norveus pathway invelved in tho Loadbnole wowld have the same sffest,

17 theyo 1o an inoroase in dopth of Lroathing the nourcl oxplratory
mochandam may he put inle ackien by stimalation of roconbors in tho alveoll
whoso throshold s not normally roachod. This g, in offaot, to ada an
ndditional foodwbaok eivoulddt to tho syntom, and tho incronse in Lfood-baolk
would inoronsa tha froguonoy of branthing, buosuwse oxpiration would bo
foator, and inspiration would Lo oot off seonor. Somo anouloration of
bronthing would therofors e wroducsd by lnoroadud dovth, and this ig
wndoubtodly what heapona during axoeyrolise in nard;

Thogo two mochaniama wouwld wyoduse different froquonsy-ampldiude
rolablong. Sonsitimction of food«bnol would produce shallow rapid bronthing,
whiloe brineine inte nlay of tho socond foed-book would produdo doop and
accolaratud breathlng, Though thero 1o a sorious lack of information about
inputs to tho bruathing mochaniom, nartheularly ebout inpuba from tho
autonomic norvous systom, 3% anpears that thoy oan bo of both sorts, the ono
modifying bhe “senorator?, producing en amplitude change and a consonguAal
rate change, the othor modifying somo part of the foed=-back ciroults,
producing n rate change and an invorss amplitude changes The "voluntary"
ragponse mechanism can apparontly medify eithor or both characteristics,
since it is nosaiblo to duplicabe by instruction to S any sort of broathing
oyole, at least for a short timo, Thorefors; siaco rato and amplitude are
rolated somotimes ono way and somotimes anothor, it is dosirable to considor
them as two geparate variablos in spocifylng the rosnonan of the resniratory
gystom. In considering the effocts of rospiration on the other hand one
might wish to combine ths two inko a moasuro of vontilation.

Tho form of tho broathing movoment cyele has recoived a good doal of
attontion from msychologists (7) (8), with the I ratlo taken as a measurc.

T+ 135 obvicus that vecalization by § shortenz the time of inspiration with
rospact to oxpiration and to the total time of the cyclo. Thore are a number
of studies, summarized in tho above roforonces which agroe in finding &
rolativoly shortor uxpiration time in various omotionnl situations, though
tho numbor of cases is quite small ond the situations arc not well idontified,
Bonusai, in a substantinl numbor of cazes found an incroase in the T ratio

during lying. If tho evidence for an incroase 15 acceptod thers scem to be
two mochaniems for changing the ratio., Whon tho jndividual is vocalizing the
gound producing systom dominatos other breathing yopulrtors within wide
1imits, or, one might battor say, the breathing system hocomes a pert of the
gound nroducing systom. In this casc the I-phase is relatively shortoned,

A rolativo shortoning of the I mhass is moro difficult to acccunt for. A
nossible oxplanation ig thet cortain stimuli (Yamotional) produce deop
inspiraticn, perhaps in ono eycl. only, yorhaps in a gurics. Bacauso of the
dopth of this inspiration tho Yaring-Brouer oxmiratory roflox is stimulatod
and oxpiration is foreed and r-uid. Or, sinilariy, aortain stimuli may
produce a diminishod troathing movoment for a few cy:los (8 "holds his
breath?)s  Tho rusulting Op doficioncy and €Oy oxcoss will aventually produce

ron-

sy
v Jene L2

—— Ny e m——




7l

=]

£~
doonar dnsnirabion, which in turn wenld stimulate the cxplratory roflex,

wii-:h tha samo of "cct on the B-phass. In olther caso tho I change 19 sccondary

to tho doop inspirations Anothor nosalbility 18 that thoﬁoneot of tho
insoiratory vhuso iz inhibltod, and the doday countod as part of the procod-
ing B-phases If odthor of thoso io tho oxplenabion, the dnvostigator may be
“"’“""""2 of tho practioally impossiblo tanlt of moasmuring tho % ratio or

I- "rastion.

2y _Dovicon Constructod fox Racordod Bronthing

In tho rneosant expordmont throo broathling wocords havo boon usod, Two
of those recorded dloplacomonts of tho body wally tho third recorded tomporaw
tura ahanpos of the aly dn front of tho 9'a nosn and mouth,

To avoid tho non-linvarity inhoront in a pnoumatia asyatom clootrical
pnoumorranhs wore wsad for waoonding body=-wall movemontss A small straipht
potuntiomotor of 300 ohmo wan mountiod in o mobal Lox about 3" squaro and L¥
doone A lavor atbashod to the slidor on tho potontiomotor protruded f£rom
one clge of tho boXe Tha box ruutud on 9te choeb or abdemen, swpportsd by
a band hung around his nock, A short cord frem the lovor ran over a pulloy
and vas attached to n belt that oncirelod tho chost or abdomon and was
anchorod to the box at its other ond, Dwancion of the body wall, it will
bs saen, movad the lover and the sliding contact on tho potontiomator. A
1ight spring attached to the lever and the mounting caused the lover to
retwn to Lts original pesitien wien the body ciroumference diminisheds Two
of these wnlis could bs used at once, ono on ths chest and one on the abdomen,

Across the potantiometor of each unit a 3 volt e«mefs was apnlied from
a seleninm ractifier. The alemal was talon off from the nagative terminal
and the variables arm and carried to a diract<sowpled amplifier unlt with
automatic re-set. The ontput of this was passcd through & converter and
power amplifier to a recording stylus, {Ior a descriotion of these elamonts
see the section on genérsal recording apparatus.) The re-set machanism cf
the d.c. amolifier operatod when S had a varticularly large inspiration or
vhen he shifted position, but for the must nart it was not called into
operation. A record produced by this recerding system is shom in a later
saction ("Procedure 6 and 7t), :

ricking wp temperature variations from the air near 3's mouth and nose
segmod as thoush 1t might be a convenient way of recording the breathing
cycle and might at the seme time produce some new information.

For this tyme of recording S was vequired o look into ths head piscae
taken from a stereoscope. A thermsocouple was abtached boneath tho hoad
piece so that it was level with Sts lower lip. It was adjusted for sach 8
so that 1t waz about 1 om, from the lip. Recording from thiz transducer wes
by means of the amplifier and assnclated oquipment dsseribod 4n the section
anparatus for caralovascilar recordindg.

Measures actually used in the exvariments were the frequency -and
amlitude of Ureathing wovements toiten {rom tho pnoumographs, and inaxiymum
and minimum temporature in a 7iven noriod of time in the case of the thiormse
counle rocord, For a fow records taken during a lio-detoction amarimant an
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attompt was made to moasure the inspiration and expiration times. The plan
was to draw up a ot of rulos which oclorical workers could follow in making
thode moasurcs, It ssamoed to bo impossibleo to make rulecs which did nat
require continual interpretation and additions as the worlk wont nlong, The
chief diffienity was handling the voot porlods dn the breathing cycle, for
thore are no cloar domuroabtions botwoen oxpiration, veot poried, and inenira-
tion. Froquontly dutdng a rost pudod thora is a Little slope to the lipe in
ona direotion or thae othor, Dooaune boundaries avro dofinad by dirootion of
movament; an almoat indistinguishabhle ohmnps hore results In an snofmous
chanpe in tha % ratin or I«{raction. Aftor spvoral days trial thorafors tho

nttonmt wng ahandened,  Theao dPPLoulllen may oxplain why invastigotoro
Lying to wan quantitative moasuromonts of thle gort in Llie dotootion have
como to auch divarge rasults, and whr lie dotootor oporabors opparently do
not maka oxnliodt uso of the ratio (li).

3. Oomoardnon of Chout and Abdominal, Dreathiug

Provigien wng made for recerding the chost and ehdaminal breathing
movemnbe slwultrnoounly on tho hywothools that etbimll misht produce changes
apocd fic to onw of thago, at laast in somo individunla, Yo tost thia possi-
bility 8 8ts woro run through the same procedure ns ugod In the pattorn
analysis (sco letor suctlon Tor dosoription). Racords ware moasured in the
same fashion as uscd in that oxporiment so as to glve a maximum-minimum
differanco iu cach S-sceond pordod monsurod. Perieds solectod for moasuro-
mont wore two bufore the stimulus, and four hagimning 2% saconds aftor the
stimuing, Bach S had four "neutral! questions, 8§ dealing with teking money,
and 2 throats of shocks The mean of each nalyr of periods wae thon obtained.
A corrolation wag compuned betweon chost and sbtioninil moasures for each 8§,
Thege vis wore for the nout part betivon «TC and 30 They seem to indicata
that substmtially thio same information is given by tho two tvpee of record
vhon some allowanco 186 made for orror of moasurements TFor the subsequont
ganoriment, itherafore, the abdominal broathing record was omitted, and tho
channal used for a different variable.
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PHISIOLOCTCAL BASIS AVD TECHNIQUE OF ELECTROMYOGRA™HIC STUDIES

A though mont studies of ‘aa diaturbing offects of stimull upon the
individnal have boon directed coward chanpos in tho vagetabive nrocesses,
rogulated by tha autonomio norvows syatom, thore ssens to bo no resgon why
investigatlion should ho aa conlfined. In faoct tho gkolotal muocular systoem
1s often prosumad to take nart in an Yomeblonal! reaction and to manifest
varying staton of tenplon. Faclal oxprongions are, of courte, obvious
musoular rusuonsea; the sbtavrble roowonde (Lavdls and hnd) as o reastion o
stronn auditory atimuli 1o alse woll lnown, Auddtory atimull of less
intensity alse wproduna a miscular reaponnn, thoygh avidently nat an ovasrt
ona (I)s Malmo (8) hao prosontod avidonoo that for cortain individualo the
nanvemiaenlaye ayntam 4a the favordits channal far manifest neuretic symptome,

Concoivably skeletnl muncle recpengos vay be quite genoral, smounting to
a haiphtoning of tonalon throusheut the ausoulature, or thoy may consist of
particular rooponses (Lieo, for oxample) whioh tend to occur under all
eircwmatnpoco,  Thoy moy awso consdst of pattorns of “misele oxeitation moro
or Teas poenlinr to an ineiting situntion, and immadiate atate of tho
orgontem, Just ng effective overt movaments do, AL) rradations botwnon
vhasa varicties are likowlse vousibla. Which of these should be clasced an
"emotisnal' reowonses it is difficvlt and, probably usoloss, to doelde. They
are howevor »hysiolopical etatos and may to usad to detect antecedents and
nrediet consoquonces if the relovant rolationships can bo discovered.

The physiologleal mochanisms underlying muscular tonsion raswonses have
boon discussed in an carlier peper (l). In brief thers is typically a
slimltaneous excitation of both muscles of an antaponistic pair, with activity
not boine confined te one varticular nair (sce also 5), The norvous channols
producing the muscular excitation aro those of the c.nese and ovidently t.aeso
havo a certain amount of activity at all times excewt under rathar smeeial
circumstances. This amount fluctuates rathor widely with the stimulation of
the individual, and varies in googranmhical distribution, as wall as amount,
according to the eircumstoncas in which the individual i=.nlacid.

Muscular excitetion, especially vhen teo small or too equally oalanced
to produce movement may be recorded by picking up action potentiala givon off
by mueclu fibors, by means of electrodes on the sliin surface. An olectrodo
will pick up potentinls from only a limited area because of the attonuation
introducad Ly tho fluid conductors of the body, Nevertheless tho activiiy
of a vory large number of muscle fibers affocts a given 2lectrode and their
combination wouid on the averago give a zoro potential, But of course rocord-
ing is not "on the average" but of the moment: therelore one picks up the
deviations from the avorage, which, there is roason to bolieve, would be
provortional to the namber and magnitude of the original voliagos. These
muscle fiber wotuntisls incroaso In number and in frequoncy as the intensity
of stimietion increasos.,

Since the combinod eutput of & group of muselo fibars much resemblos
"molse", a mixturo of all fwaquencles, it is advantagoous to ractify and
integrate theso cignals bofoxre thoy are rocorded: total voltage soocms the
most significant variabie,
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Tha apparatus used in these studics is basically tho eamo as fhat
dosoribod by Davis {2) (3)s It consists of five nrinoinal parts: amplirior,
Intogrator, olootronis discharging switeh, phas: invorter, recowding stylus
with nover amplifier, Four indepondont channels of this sort werc constructed
for uge in the pregent oxporiments. )

Pig. 1 shows the olroult for sach sl -0 amplificrs. There ave throo
stagoys in wach, oach stago buing mounted in a romovableo oan for convenlonce
in repair work., Tho cans, an shown in thy ddogram, plug doto tho basie
chassia containing tho banie supnly oircults and intor-stoge cohhactions.
Tach atage containg a nalr of 63J7 tubos contuoted in push=mull, In ordor
to achieve indopondonce of the oovoral channsls from cach othor whon they
are cemootod to 8, tho first stago of oach i¢ oporated ungrownded and with
a soparato povor sunvly. For the Lirot obagos tho vowor oupply wag [rom
battarion to roduea nolse offwotn. Tor tha subasoguont stagos storage
batiorien woro uood for tho honter swoply, to avold intveddcing &0 cyalo
hum, but tho Yieh veltapon ware satiafoctordly msmlisz oy o gestiddor of
standerd dusipne Thoro ave ‘btwo oweh rectiviovs oach supplydng twe channols.
A stopatine gndn centrel weg srevided fox cach amplilior.

Thoe pushepull outpul of uvach amplidior goos to mn intogrator, The
cirenit doaim, shown &n Wige 2 1o with alipht modlfications tho samo rs
that di seribod nroviously. To tho autput of cach intopgraltor an aseilloscopo
win pormngonuly altached,  (Ahend of the vhase invartor desoribod Loluws)
Cne acis or uach woy otuletod by a (O cyelo swoap alroudts A Lowr position
swilch made it nessibla to view, -n tho obher awds, L. the inpub Yo an
intogrator for toct ~urnogos, 2. the output of an Intoprator vhen it was
recoiviae no inmmb, for baloncing purposos, 3. the output of an integrator
thon 1t vas rocoiving a test (60 cyclo simal) and L. the ontput of an
intoprator whon Lts inout vaz the signal from the amplifior fooding ite
“hen an S was boing run the switoh weuwld be in the lash positlon so that the
oncrator could swuo cvonte in S ¢von when the graphic vocorder was nob U ;
on, Othar nositiona would bo used for praoliminary adjustmonts.
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¥inen oporating. tho in
tho & tubes), then allow
2 mfd. condunsars snovm in tho diagram offont waid s
directions on the two sides of Lae pueh-mull eireuit, and thae
difforonco betwocn the two condensers would be prooortional to the sum o
tha rectifiod sienols.
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Tt 13 nceessary to provide a dovice for discharging the condansers
nor .oCically. This wag accomvlished by an olectronic switch arrangement
which orcvided a conducting nathugy for this discharge cvery tonth of 2
ancand for a brief period. Tho eircuit is shown in Fig. 3. An cscillator
with a long phaso and n ghort phnae activatos the discharse circuld of each
short phasc by csuaing a mair of triod: connectod £L81s do booouc conductiva.

WMen those arc conductive the voltage thuy apply to the tubes 2051 causes
them Lo bocome conductive also, co thot a diacharpe pathway is provided,

The wotontial difforonco across the accumileting condengors is not at
ground on cither side, nor can the circuii bo connoctod to a further amplifiox
with a ground in tho cuntor, because the input grids of the omolifier would
then ba loadad with the condonser=ground diforencs, rothor than with the
condonsor-condonsar Adifferconce oniy. Honce the conderaur~condonser voltage
is mut throveh a whase invertor airguit before 3t dis Lelien to the nubscouont
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nowr amolifier; By meanz of the vhass invartar one glda of tho iptogrator
output is brought to zrounds (A second nhase inveorter converts the aignal to
nush=pull, with center greund, SHoe Sectlion on Osrieral Recovding Apnaratva,)
It is then put into a ono stape vower amnlifler which serves to drive the
recording stylus for sach chamnols (Tho styli and driving circulis ave
deseribod in the Scction on ttonoral Roocording Apparatus,)

To collbrate the soveral action votontial rocording systoms a commtabtor
awitoh is nrovided in the invub of oachs TFor oalibrating thio is throun to
o position which pute 9 maall known voliape at 100 oyolos into the amplifiere.
e slagnal 1o gonovabed by & omald enoillator with a weamired output which
16 attenunbod by a dividers This dividor s provided with stevns of known
Falue o thab o wotontlal of L=100 pv can Lo deliverod., TFoy ceupling pirposes
Wiz 48 panced throuph a 1e1 tranaformar (with no moasurable loas) beloro Lt
1o dntyadnacel dnde tha amldiMors, 8 oalibration racord was sooured foy
weelt & Fer gach pgoln sotting usad,

For statistical roanons 14 1o doelrable to have aotioh potontial values
oxrroseed dn toran of log av (6) one oan dotormine the mierovelt velue and
then ronverd 11 o lopg values, Hownvor whon thore is much data to be
nrocassmi, a shorter aothed was uwsed, Doforo each oxpordiment an overall
calibration enrve far anch channol wan gooured by intiedusing a serles of
roltagen inta them,  The deflootions of the styll (with intagrator cporating)
wore meamurcd for cach and plottad againat the knewn inputse It so Waipons
that. thnsa noints can be fittnd abont oqually woll with a linoar and a
logarithmic function, Tor conveniance the lag functlon was chosong so that
knewing the tue constants of the fitted owyve one could read a pglven defliec-
tion as indicatizy a ¢éertain log av value: that is tho doflestion is propere
tional ho the log nv innut,  (Tais volation failn Lolow about .08 inch,
vhers the deflactions aro too amall Lo bo of mmuch uso anvweays) When the
pain of a swatem ie chansod the offect is, with the lor scaleo, to add ta, or
aubtract from, the volwe a mivon dofleciion is taken to indicate (rather than
to miltdoly it)s “he amowt that should be sddod or subtracted is dotermined
from tho check calibration made for each S for oach gain satting. DBy adding
or mbtrrcking thig, in hundredths of an inch, from tha deflection moasured
in mdradiha af nan 'mch; ona arrivaz nt a valuo which 4a in K log nv.
Fipures in this form are wsed in tho atatistical analysas, Vhon i ie
dorired, say in a sat of final moans, they can Lo converted to log pv by
1, whoga value lsg given in thu origlnal fitted logarithmic calibration cu

K

Vi,

“Yhere there were auwbstantial numbors of rocords thoy were measured on a
Agvica lknown as a "Toloreader®, This conslists of a carriasge which will wind
8 rocard {arward op backward at various snaeda acsording to the pressure on
a fool nedal and tho sotting of a number of push bLut o About a foot of
record 15 exposed at a timo., Light from meroury are reficeted from this
threurh an ontical system wroviding a wmagnification of 23§ and {ocussed on a
pround glass scroon before the onmeratsr. There is o heir-ling controllad by
a whool which 1o olaced tangent to the rocord lino ot the point where a
moasuroment is desired, A dial then reads the number of hmundredths of an
inch the »oint iz from some mro-set zoeroe In taling moasuromonts by the
logarithuic syestum tho zuro “nin' was nre-not aceording Yo tho sonsitivity
indicatnd br the check ealidwrotion Jor the rocerd in questicn, Thue the
roadiing subomatic~lly adds in U coasteny whitch allows fov thc sonsiiivivy
ol the recording cystem, and the 421 on the Telersader reads in torms of
K log pv directly,
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TECHNTQUE FOR THE STUDY OF Til™ OALVANIC SKIN RESPONSE

1.  Recordihg Torhnique

The »hyolelopical and physloaisshonloal boascs of the galvanie skin
rasponsa hava baon wall asaeprtained (LY (3) () (&) bhough ite ncture iso
oftan misunderstood, In brisf it doponds wen the aetivity of tho tlaoues
in the swont glands (not, ug ofton ounposod,.upon bthe mmount of molsture on
tha surfaco of tho olkdin)e Thono mambranan apn normally nelandnsd, sz avs
livine mombranas in gosaral, and when a smal) alootrlo ourront Lo pasdod
throupn thom thay dnvolon a conditlon »fL Yolootrotonuo! in whioh thiooe
orientod in one diroction are more pclardzed, thess in tho obher lesn. As
tn nlpo the caws with tlasues In sanoral, oxcltation de manifosted by a
demolorigations  The mochaniam 4o the nawe as thad for norve mombranas, but
the snend =2 dha ohenomenon is very aeh Toss than that for most norve
fivera, thourh vorhaps of tho oame magnitwie as found dn tho auntenomio
dtviston,

Mout naycholorical atudios havo doolt with tho palmar swoat pland
rasvonsag (10), Excitation of thosy swoal =landa {a brought about by
impulses ~ or tho symnathotlis Flborg, Lut the chemienl madiator Lotwoen tho
nerve sud offector ssoms 4o be a oholinorgic one such as would ba cheractor-
satic of the parasymathetdc systems Tho plands ave therofore little
affectod by tho prasenco of advenalin in the blaod. These fasts make tho
rasnonaa one of sneclal intorest in the study of autonomic antion. So far
as knuitn 14 s a sympathatic response, not offsot Ly parasympathetic action,
and it is tho ony aulenomic rosponse of thils charactor which is readily
acacsgibla, Yith a cholinorgic modiator onc can exnect also that stale of
the tisswes will nol bo complicatad bv long-torm hormonal, effects, since
acotylcholine 13 an un.bablo and short-lived swbstance, Tho state of tho
glands shonlld corvosmond more clescly to the curront actlon of the nervous
cystem than vould be expocted in adronergic offoctora. The ges.r. should be
sarticulariy neeful, therofors, for vho ascossmont of stimulus cifects as is
roquired in lle-detuction cxporiments,

In reeerdine the ohenomenon one has a cholee of two methods: the
o=torhniqus {Tarchanoff phonomonon) and the r~tachnigue (Fd»d whonomanon)e
The Tormar, v moasuring the e.m.fs botieon two poinds on the skin deponds
unon the natural polarization of the tissues and its chanzes: the latter,
oy measnring the apparcnt resistance {actually the back oemefs) when an
axternel soures is aopaisd to UWo poinisg, dopends uoon the stebc of ocolare
ization nraduced by the artificlal curronte The iatter is tho easicr and
commonar tochnigue and svems to have ceritain thooretical advantn-zs as
well, By inducing clectrotonus one can effectually remove from the rocord
the effects of all tissue polarization oriented in onc diractlon, end so
sceure a woaswre of the magnitude of one whonomenon, rather than the diffor-
cnce of two oppoccd pheanomena. Tho geol.r.'s studied in the present expords
monts arc all of the r-phenomenon variety.

s
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are ceriain requirerr.nts for instruments for recording thig

vhenomenon 1F the rosnlio are te ba subjont to quantitative intcrprotation.

1. Ac with s dnstrmmeni one ~hisuld know the rFalation betweon tho input

and the outpat al all times, (S%nce this i surc to change from timo to
v L .
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congtant not proator than 2%, "ith a slowor congtant thore would ba dangor
of dynamic distortion. 3. It should indicato tho total apparent rosistanca
of 3, as woll as tho changes it undorgoes (g.o.r.ta) inasmuch as the rela-
t*on botwoon tho two 18 of oritical lwpmvhnncv. e Tt shonld vass the sama
eurront througn 8 ropardlens of wido fluctuntions in hio anmarunt rozciatance,
sincu the rocordod mamitudo dumondn wnon tho ourvont, but 1o not diveotly
proportional Lo 14 (35.

Avparantiy nono of the inotrumanta oy boines offarad oommaratally oy
1te detection mond a1l thean requivomento.  Yith rogard to cortain of theso
anuciMieationa the manufacturors de not plve sny Information, Tn cerladn
GATLY ulou bmunbe we hiave und a4 commaradnd inubrumunt, wvith consoguont
uncertainty about quantlintive commardoons. Fes ounr ortnoipn! oxnorimontu
wo havo ngod apeodally aansimislal nekwmanentn mnt.ﬁ Mec b the pruguironents
foar quanbtitative vavl,

FMipe 1 ta a aghomntde Alarpam of tha oiroult mmpliying the o'loctretonia
carrant Lheouth 2,% Voltaps Cor summlying tho aurrent do dorived from tha
f.3 v whnding of the translormor in o dlrcot couplod ampliflor (eoo soetion
dc gseriblng thic)s Thia de ptoppod up by meana of a emall filament Lrano-
former urod Tu revorso,  Thu ourront o thon roctified and annliod to tho
circuit conaiating of 8 and tha tube 65H7. whose funcblon i3 Qp koap tho
currant countante (S 16 in tho »lato cirouib of this tubu.) By moans of
a dovble throw awiteh S may be ronlacad by o dunmy subjoet Loy mumeszes of
salibrobion, Thia 1UMﬁ¢, as soon in tho diagram, consists of a nordoes of
tan God-chm reslotors, an muwmbor of which may bo mut inte tha circuit by
maana of » rotary switch.

In this circult, sinco tho current is constart, tho voltepe across S
s pronortional o %:: Qpp“”iﬂt roui stancos  Consequently a mcacuremont of
ie veliage 47 3 moasuromont of Sig rosistanco. The voltage t'.craforo is
Uho simnal which is carrioed to tho input of a diroct coupled ammlifior with
on automatic ruset dovice {deseribed olsewherc in this roport).

Tn operation the amplifior will aut***tically adjust Ltsolf o its
propeY onorating rango s doon as it is connocted to S.  Whon it setblos on
thisz ranrs, ~ith the ilndicabing vnointor on tho dial, the index number showing

throurh a holo in the nonol will indicate how many stops tho rotary switch
hag advanced from wereo. Tf the valua of ecach ghon ig known, tho indax

ranLur Uiereforu shows the total voltago which tho mochanism has apolied to
offset the q's apnaront resistance. With a constant curront through S this

wand ot onsa nmy. s

v’v.x.tf;r“ 4«3. ol cour 8Gs TIOLOT tional tc St's Tesistenca, Thls in E.r.!t!'"!iﬁ

that the Lnlicatina nooadla aluays comas to rast in the zors position. If

it dooa not, and i a very oxack messurc of S!s foial rasisbance is requiroed,
ihe Todlstance value indicatod by the departure of tho nocdle from zoro can
be gubtracted from that inferred from thoe indox reading. (In the prasent

Bagically the circuit 1s that described by Davis end Porter (Ii).

¢
The clactrades nacd with this anparatua consiatod of _Piasiic ocaps &l
1t In diam wre In the boltom U oach iny o plate of Zn, to viiéh

load wirc was Solderide Ateve {hils was a layer of MnQ2 soaked witn

normal salt selutlnn, and on top of thet in contret with the ekin uns -~
felt pad sosked in normcl #aii,e Sia gifin was rmbbaG with cloctrode
3oy vrior to pitachrmont € olectirados.
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use it waz theught an unnecesgsary rofinement to moke this corvection, since
our roadings were to be reprasented by two-place mumboers in any Casu. Geo
bﬂ IOW. )

Ones 8 iag boon ingertod teta tho cdroudt aad the meechanlem has
aradunsd 4 ronpttos onoroala, e automnnble roesel wall keep 1t thora, ‘When
tha Indicator reachas eithnr and of the acale tho mochaniom will bhrow 1t
back on scalo readn by adding or mabbracting o constunt voltage valua.
Thoreupan tha index on the »nanad will chow a new numbor, Indicating a now
Base lovsl (P roninitance.  Onoa praphic rocord baken Crom the inctrumont
such a quick jumn in loval 18 anslly distinpuishad from tho alew fener.
chanran, (sno record in Taker asction, "Mrougduran © and "), 8o, 'L one
know. the base leval at the bepginning of a run he can ascortaln it at any
modnt In Ao rocerd by allow'ne for tho appropriato nambor of vo-sobs in
rach direction.

Mo bashintag of a sitting the oxperimonter mist select thoe amplifior
anpe it iy o8 el sooms apnraprtate to tho aivo of tho roumonses § will
riva. he can, of contna, chanpe thig during the courso ol a oifbiting though
ha will twaally net nood ta dn ma,  If, hawover, bhe Sto total rosistanco
fa very Cirh ol the operater ehinenes a hirh sonoltivity thers io dangor
that !he v btape acronsg S may besomo too great for tho avallable re<not
voltaros 4o nontralize, Tn this cars the rotary gwitch that insorts the
Puctine voltaeor pans ke Yha makdme positdon and, Cailing Lo bring the
neirtor on renle, keeps on Lirnding, throush zere, and around apain and
amnin,  The gparstor muat thon roduco the sensipivity, It s fortunato
that Stn wibtn higa rosistones will give larme ges.rets, in torms of onma,
56 chat a lowow :enaltivity is appropriato on both esuntse 1L the
agnis i viiy decr nol nood adjustmont while o rranhie record is being made,
the anaraicr nacda Ho nay ne attention te tho instrument.

The intlrument should have its calibration cheekoed freguently. There
are Lhroe itoag Ll nood te bs chackad in this calibration.

(1Y The imdicating metor shonld be made to road zoro when there is
ore Laut ¢ ! zero shawine on tho index. 4 Imeb 35 provided on the ampli-
fer fer widdng th's setting. Altornatively the adjustwmont can he made so
+ b el

-5

2

1
ha cating mats

h - wetor ruads sero wheh vhere is no input and the indox
shows 1 or 2, In this caso 1 or 2 is subtracted from all index readings

talzen Aurdne oporation.
{7} e deficction ol tha lndicating meter for a givon change of input

rentstance thowld te ascortainod., To accompiish this one turns ths double
throw switch to Inzert the dummy S, and increascs or decroases tho rosistance

——pw

of ihe Aoy § Uy Lhe 5% ohm steng provided, reading the meter {or cach, or

pRv]
antiine o 0leed! mo the rraphiS focoerd which can latsr bha measured,
Thi. delcsinaties is mest corweniently made with the amplifiar set ab full
comeitivite  Te N0 o pitivity 18 less than full during a sitting the

-~ =

ehanper can e cvalnated by applying the sensitivity constant to the values
abiain.d by the calibration, (Sensitivitisese available range from 1-10 in
equrl stens, )

(3) The ~i-c of a re-sct sctep should be determined. Thie in adjustable
by meana 5f control en tha panel, Mt it 4131 ordirarily bo set to produce
a litt' Yo & than a ™11 eeels jump on the indicating metar. To £ind Use
valee - f.ome.oos Chanpes the inmut enoush: to make a re-set occur, The amount
of chaar, can b rond nn the Drdicating moter or on tho graphic rocord and
uvadasted Dy the lichl of the resmens: ling obtainod in Stap 2. {tetnzlly
the vooee can e Temd fros any co-sel that takes nlace during om 200 Lan,)
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Cuantitativo roadings ave seourod from grephic rocords as follous
wiorofore:

1s To {ind the basa lovel of resigtonce (usually befove the applicaiion
of each ztimulus), ono finda tha indax which wan chowing at the time; by
starting with valuo nobod ab tho bopinning of tho run and adding tho
alpobraic sum of tho vo-pots thal have osourrod up to tha point in quas‘c}on.
This mmbor 1a mitinlied by the value of a ro-got (Stup 3 o calibration).
This rasnit 1o multiniled by tho reoiprocal of tho sonsitlvity. (If groatost
nxactnass in voquired the rosintance indicated by tho deviation of tho line
from woro moy bo subtractad from the rosulb.)

2. To obtatn the value of & geoee the maximum dlspuacomont due to tho
raflox in wmoasurod. TL tha roflox has cavsad tha 1line to reaoh 1ta limit
and cauand the row-cob to oporato, tha value of the re-sot (in distande) ie
added to the moasuromont of tho reflex, The value du then convertod to ohms
by mosne of tha cnlibration (Stop 2). The rosult is thon multiplied by the
reciprooal of bthe sonolbivity sobting.

The abevo vrocoduro for measuring tha g.s.r. prosumes a linear occale.
In the malority of our moeasuremonto, as oxplainod elsowhore the soale was
non-linoar. JIn thiz cose the prosadure Lo the samo exocept that the olms
indicatod by azch position of the line muat Lo obtainad from tha calibration
curve and tho sizo of the roflex found by subtracting two sveh veluwes (and
adding tno ro-ast value in ohms, where thoro ir oms) rvather than by measur-
ine Tinoar dignlacewmants,

2. The Transformation of G.8.R. ifoasures

oh Uné grapnsl

Lo ~ 3 A c
1. thc boso lovel in ohms before a stimlus; 2, the ohms docrease
he raflox. Thore are two common obsorvations vwhich su

1]
aa naad franef nwmu+4nv~ b:_\“n'nn -L“u can bC aonvan
FOURCRRTRU AR o . . S
s tical orocesdurs. nafgi 7R t” didcusaes the noint.) ¥First

g s
the diatrﬂhn*ion of the refloxes exnresgsed &3 ohms change 18 commonly skewed

A Q "
vather thon novmal . Q‘L;n“u’_!,'lnvv reannneen nve aomaoner than 'Ya e ones. Ueccnu,

ovar the ranao usually encountared the reflex is strongly correlatod with
ne bage level, (At hiehor base level 8y such as appoar vwhen 8 is asleep, or
nearly &o, the relation doss nod hold {3)s) TFor sowme purposcs, as when one
is intorected inthe total effoct of the atimulua upon the individuel, one
mirht want 1o deal with an abselule moaoure of the response nevertheless,
But where the puroose is to comnara tha effocta of gaveral stimili uwnon an

individunl; the affaoct of his nra<oxisting state wonld be intrusive;

hnnd‘\m\ \x-r ml K

Y ariour pronegs nl
undesirable features . "
ing ot a transformation has boen n by irial and orror. A aset of data is
subjected to one transformeoticn after another until one appoars to get rid
of the undesirable characteristics, Smch a procadure dous not give mach
sFnauranGs of penerality: vhat vor g moasurablv uall for ona set of datn
may not do at a1} for another. J, Lacey'z method of reducing each reflex
o the repres-isn of refiexos upon initiai rasigiance goemaz to ba ~ genaval
=ethod for ¢liminating the <ffecl of rosictancs Jovel, but doss have ths
dravbaclh of intorforing with the indeoendence of the rosulting measures.
rap Darrostts motbad {Mising ehanss dn les "“ﬂ*f::t:? thaamn 1= oo owborrsl

criterion:  thoe amount of sweat cpcrcted Ly the lands, Bub whe ﬂ*rr* thix
v a pocd criter Lo o syrmathintic c~ucitation is vneartsin,

ar.ma Flaa wmatliasd A0 aadss
RC88 WG NRUSU Si aidave-

n nade for transforming data to remeve these
i
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Cnrnnd & T Woranis

in the presont steto of knowledge it soems necassary to Aiscover
sntisfactory transformation for cach sot of datn one has tn denl vwith., 1n
our princinal axnorimont using the pesar, 5'0 8ve yere atudicd, Bagh had 2
scrioq of cirht quostions donlinp vith balelnp monoy of vorious denominatinns,
(For tull dotni‘s of the nroacodmre sno anbaoguont gootion of the raport. )
Galvanic skin raanonnan wova pocovrded by uging two chirnnols, onc showinh tho
remongos on the right palm, thy cthor nn tho Joft. ALl rosponsos and base
lovels wore wongurad -ad convortod into. rosistonoco valuwes as doperibod.
Sineo tha correlatdan of ragpange and base lovel scoms bo he the ofliet of
proater imporiaeo flrot abtontlon was givon to 1t, Throwing 4sopoticr nll
rasnonsoe for all S'n two soattor diagrame woro plottod, oho for ecach geoer,
lusabion,  an wonld bo axnoobocd Lrom ronortod rosults a atroens nouitive
rolatton wny evideats  To dotormine tho naturs of tho veygrassion tho moan
and standard & ¢tation of the nopulatien in cach column 1 ae eommubed (moan
ragponte for  elunn lnterval of basu yeslstenco). Thase aro showm pranhl-
cally in Fig P, Thrao coneluslonn sro ovidont

1o The standewd doviaticna and moans of tha catopories oro noarly oqual.

2e Both manne pd obanderd devintions are linonr funotdions of tho baso
Toval,

3« The regrossicen linas comg vory noar pasaing threagh tho origin,

Thera facts nravido n elesr indlestion fox a resnonse measure which
will b Indenendent of bage lovel. Ratios ol rasponsa gizo 1o bane lovel
rill be frae of corvalation with baso level in both mean and standavd
doviation, The ratiocs thorofore form tho basis of furthor troatmont of our
oxpverimntnl romlts,

It 4= hardly noseible to madntain that this toch ui.ng_u\- is generally
apnlicablo on thu basis of this one gsot of results, If tho rosults of a
large numbor of cxperiments should rchow the samc propertics ons would inducs
tho generalization. Or 4t adeht bo wossible to show thatl & Fes.v. produced
by the srme amount of neural excitntioa 18 necossarily oroportional te the
apparent recistance by reason of tho nhvsical-cbgm*cal mochanism, Cortaln
avidence of thia sort ampears in an ca:'ly stu-‘iv 1 1\“ ™o ﬁ}ipﬂl‘@nt resistanco

11 nTmact albaxadlbhoaw 2w Mmal o accecd -~ R R Ve e men
I R 2 T L Y G P S T IO R Vi s IR VIV D ulvt.;g —-v.m..l.e WitLus .A.D .u.uuuuuu U\ | V1§ !JUJ.:‘.U.""

izing current. YL the volerizing cwrront is increnssd the counter @.m.f.
inereauns, thourh lags than nromortionallr, {Avsarsnst rasistanse; B, there-

R A Wl s stk ] B \ '\{J‘lﬂl it iy T 3 w
fore decrcascs,) By such 1gans tho polarization of the tismuos iz increased
arti ficiallys *“hon this is donc the sizo of tie geSer's to & standard atimu-
ius, in terms of npparent resistance change, is aiso loss, showing approximate
propertionality to the apparant resistancc. Depolarization haerc scems to
denend on the amount of 9olarization. Tt might vensanably he aunposad that
the »elaticr would hold in naturally occurrine at-tag of pcl4rlzn%icn likewiza,

(m'y"W«'l}' upnn f‘h(. mean IC"\!(J ni‘ '!hi ncnr]r nt oxedtation 4n ‘H\h t:-mwnni'hm‘l-!n avatom,

So it may be that the affeel of an increment in cxcitatory ﬂxschargo upon tho
sweat plands is nronorlional to thoe .mount of Mirther donolarizstion whicn

ic nosgible, s function which hiar Yoon suggested for nther nsychophysical
reiationg,  Terification of this hvmoiuhiesis would nrovido o rationale for

o tresimnt of po3.ra dntn,

Patting ~,r,r, moamuos inte rotin form, hrwoeves, docs rot puarantee
nor ity « £ the romliine digtrimtlon. The sort of Aistribution found in
neorres o odata (Pracoadoars AY in ahom in Mo. 3. O%rienwiv it da nenennrmnl .
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Ti any e tht the hoavy accumtlation of moacurcs at the rower ond derives
Tron the Loaet that zere 48 an oftoetunl lowor limit o Lae mossurc, A
relatively woal sLimlas wonld £ai) to bring a ~ood number of resnonsas over
the thresheld, 19 thiz dntorproatation 1e correct (and 4t could bo ehlcked
ceperdmental 1y) thon thers 10 no ane ddatedbublon “orm for mesers dotar the
Corm veuldd donend on the mean plece of tha responne,

Yith a skewod distpdbut'on aueh ap our dabn nhew 4t may bo adviacblo to
wae n Fapther bramaforaatien of tho patiog almnly Lor otatlationl convenience,
™ e amatoredn of woapfanee of gengr. date o oo tranaformation way uaad,
aince tt o omod o wrotddc a ronsenable approximation to a newmal Adeivibuiisn
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AMPLITIURS WITHL AUTOMATIC RT~SET AND COMVERTER AMPLIFIRRS

Many eof thn antonomicnlly ocontrollad wrotossos which respond to
athaiabion neo ralntively slow changine, The palvanis alkin rasponse ia
fairly tynic-ls A larpge rosponpe will tuke novera) ceconds to toach its
maximum and perhaps four or {ive timen as long to vacode again., With
nhenomenn of thia anrt amplifderce of the umal tyne aontnining venataneas
are impracticul bacause tho roactanoss would need to bo of nuch enormowus
slze, TFor amplifying ouch chanpon ono must rosort to diroot coupled ampli-
fiers or to convarting oiroults in whioh the siow wave is wmnade to moduiate
a carrior, Tho aystem used in the prosont studies wos a combination of
beth. Direct coupled ampliflore were used an the chiof moans of inereasing
thn alow airnala. Tn oach ocaso thon a convertor ammlifior furthor magnified
the aipnal bofora it waz dolivored to a powor amglifior in tho rocording
nnlt,

In direot, couplod or convertor amplification an inoreane or doorease
In ghe direct ourront component of tho inout 1s Likely Vo force the indicator
of f realn. Ordinreily a manual adjustmont is roquired to bring Lt back to a
uaoful ranpe,  T.ore 1o ofton loas of n oritical noint in tho rocord while
this chanmo is being mados  Purthor, with multinlo chammod rocerding no
orerator could monitor nll channols at onna, For this roason a sot of d.o.
smplifiors which include antomatic monttoving devices was construoted.
Thoso will automatically shift tho ro-oeding range -- not the sonsitivit
whonavar the siimal passes the limit of 4he one on which it is operating.

Mee adermedd Paw coee add dlaiisms Lo o cowen Lo T e 1
AT WAl WML W LU VI VA VIIOW 4O DLV A3 4.&(!,0 vhe @

e a3lenal which is introducad Into o d.0. amplifior may be aonsidared
ng made up of two commonentss a slow wave and n d.c. potontial which does
not change during tho wave, It is commonly truo that 4ho d.c. componeout ia
greatar thaio the wave., Whilo onc may wish to know the value of this d.c.
comnonent thoro is usually ne nesad to annl,fJ i* If 4t iz lavgs with

w4 A AN e e A eacea E O S S B L I 3 - -
PUH')UUK. LU Lni‘ waave: IL HUII.LLI. il I'UY"J.LL!..LU(J lllL'lLUJ.V u

1t is dosirable thoreforc to got rid of this d.c, component. Since a
condenser canriot be usod for .o purposo (its nroportlons would have to ba

cutlandichY a bucking voluagu ﬁuau o ;nuxonﬁcuu, a vo&aage which in our

case 1s sell-gdjusiify to the 3170 of Lho d.Ge COmporenve Ihias Lucking
voltage 1is nrovidod by the sorics of 150 ohm resistors shovm ;n the diagram.
which arn g_gg_x_g_n__l_y mountad on n mgtgr rlvnn z‘nn ary mw,:.u\.x.. The WpRor Gnd

of this rories is connected to the high voltrge sunnly through a nair of

— b wmme e arssAew W Wi ws - - ememoman

dromnineg rosistors so that tha total Gnltaga availnble across them is in the
neipghborhood of o volt. Depending on tho nosition ¢f the wiping contact a
vertain {raction of this binsos tho cathodo of first amplifier tube (12SH

Tha Fuandtdan AF arvvtans 1t TT an A Arcmdad w n-m-vknq- =f -l-anl-}-- ab bl Aot
A Nier Ak LA blwee .y -~ - vv, TWlnausln Vs O SUe VWLVAIE AW S ~r o il V2 wuies -v - —

availably across tho rouu'y .'sw:1.tauny9 How many venivhs aro in the coircui
a given moment 1s shown by an indox whieh is attached to the shaft of the
rotary switch. UNumbors on this indox show through a hole in the panal of
tha smplifier,

13

As showr, in the dingram tho input signal is improessed betuweeon the
pround and tho zrid of the Tiret amnlifior (somotimes through resistors of

the sonsitivity contrel)s Tho cenncction must be made so that the negative
otdn of +ha A o Anomt rovmonant {2 oAn bha owannd tavminal.  Thoan the siomal
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and tucking veltage aro in opposito diroctions in tho grid-cathode cirendl
of the 125H7, and the nat prid-cathode voltago ls the differenw ot the uwo,
riuz whatever is provided by the two 3K reonistors shoun in the cathode lead.
When thers 15 no input and ne buoking voltape one of thase (knewn as the
iizero setf) 1o adjusted so that tho 128{7 hao 1ts nropor operating tias (with
grid nugative to aathod»)a Yhen a aslgnal ia introduced the hicking veltnge
will ts adjusted {by the device duﬂcrtbed holow) until the tubs has that
amount of bhias, or somothing near onough ta it to be in its propsr operating
ranga. If a wavo, vositivo or negative, anpvarns in the aignal the tube will
trangmit this. Should the wave axocond tho ovornting rango the rawsot
mochantam will ba activatad to introduco more or less Lucking voltage.

Ta nartan of "hm( raninharn annase thp Input sotves gz o sonsitivity
golostor. Thone are mountod on a vobtary switoh whioh Lo manually operated.
The =um of thn 10 vomintorn s no dargo thalt no avpraciable ourront is drawn
by the device. According to tha nosition of tho switoh a cortain numbor of
tontha of tho wholo wsignal ig out into tho amplifiors Of courso the value
of the whole onn bo obtainad by appropriato multiplioation.

The amplifior has two socond stagus, oach composed of a 68N7., The
first of those sorvos to nmplify tho signal to provido tho output of tho
aystom. Tho socond amplifiov tha signal to provide tho foodbaok roquired

for the automatic ro-sot of the bucking voltago.

In the first of thoso stagos the two halvaes of tho 6SNT7 are connoctod
in quasi-oush-pull fashion., If only nne half woero usod it would be diffi-
cult to arranpgc for it to oporato on a linoar part of its characteristic.

Tho other half thorofore is usad to oppose ths one and improvo the lincarity.
Tho output metor (0-IMA) and tho oxtornal output connoctione are locatod
batwaen thu two plates of this 6SN7. Only onu of %ho grlds, however, is
connectod to tho signal, the othor being grounded.

n tha other 6SN7 the cutput of sach half 45 used to oporate a rolay

whic h in turn causos the re-sot motor to run forward in the ona casec and

sy Moo od e eV Dia
backward in the otter. Tho signnl from the 128RT 15 given bo both halves

of this tubo, When tho instrumont is oriminally sct up tho cathedo bias
on the Tirst nalf is adjusted qo that tho tubo conducte and throws its relay

PR N WP Y mme e aa
{("lowh rolay) whoneover the sutpud moter comos on secale from below, Since

tho relay is connectod to broak a circuit this means that tho motor will
run, in the anpropriasts direoction, until there is an output rcading on the
motor, then it will drop out. Tho othor half of the H8N7 has a higher
cathodc bias and will not conduct enough to move its relay until tho outpub
mter roads full ascale -~ IMA. It then throws the ¥#high" relay which hng a
"makoV conncotlion and causss the motor to run inh the other dirvection.

' 1 ’ 3 1
Sinoe tho motor turnz the retary ewitch which regelates voltego on
5 H N 3 3 2 - rods o v add oo om - otk d nes AV e m Abne e
The ATl grid Lhad MCChonlsh aAtls K8 SUSP-WLS0 NSEATIVY 15CU0AGK.

Two speciolly irounlesome affeects were encountorad whon these davices
wora tirst triod, With certain 128H7 tubkos there was a tendency for the
prid to draw curront even whon it was ncgntivo, and whon thers is grid

A & te -
= T

ourrant tha xmm'MHnr hacomns nonaliinesr, %he ‘ij‘v. wurnad sut s oo
Proper nngusnmon of ®ha _BOTOUN voltaga. A variabie resistor for this
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The rotary switch used in tha ro-ant moohanism must bBe of ihe "shorting®
type: 1t must have its wiper in contasc® with some terminal at all times,
for otherwise the system will oecillate. Poor quality switchus originally
gave a good deal of trouble by fraquently leaving an opon contact..

Ythen a d.c. amplifier was attachod directly to 8 for ges.r. racording
and & high gain emolifier for MKO er IMO recording was also abbachwed, it wae
necessary to use nower supplied by battories rather than the reotified power
suonly shown In the diagram, Othorwloe tho high gain amolifiors wewld piok
un tne much 60 oyola hum,

For experimunta in whioh anly ene vardabls was recurded {(one channel
OI getsrs) tho output of one of thage deos amplifiors wny mit dnto an
Estorlira«ingue rocording milllamnotor, O<IMA sonoltivity, Tor experiments
roquirine mliiple rocording furthur amplification was noedod to drive tho
power amnliflers which movod tho atyld, Tt was alwo desirable shat the
signal should havo a ground vonnoobion, which it doed not as it comes ot
of the d.r. ahpliffors. For those purposon convortor amplificks wore intros
duced following thu diraot couplod amplifio¥ss Tho oirotilt Lot thoso is
ghown in Mpe 24 Tho aignal 18 convertod to a modulated 60 vyocle wave by
moang of a vibrator* (without a ground conncotion)e After two stagos of
afiplificatlon tha signal 18 reotifiod and pub into push-pulli form with a
contor ground, This arvangoment stven the typo of input desired for tho
power amplifiera, Tt providos more gain than nocossary, and the gain control
is therefore sot at a rathier low valuo,

¥

aannar
el ﬁf

A

v vibrators adapied 1o thess cirenif roquirementa wer. found to pot
adjustment very casily. A "Browm" convartor vroved satisfactory,
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For multiple rocording the final units were the styli manufactured by
flsctro=Madical Laboratoriss. Two panclo oanh ocontaining six styli wers
mounted in horizontal nosition on mouvable "earts", In tho carts were the
power wmplifiers and other oirouite supplying the etyli, Te ans s4de -f
each cart an Eeterline-anguo chart drive wan attached and couplad to the
papor drive mechanism nuoplied with the Tleotro-Modloal wanels. The
adjustable raar ratios of those ¢llowod for varying tho opsod of the paver
arive. Dy muanzs of oulloys and a spring belt the chart drive alco ran a

vako wp apindle for the paror.

ha ntyld urltn on Teladelton paner (10 in, wido in our caos) by
passing a asmal) ovrront from the tip of oash through tho paper to the motal
eatlor honeath, 7Thia curront produces a chamical ehanpo in the Svablng ol
the papnr, Voltneo to supnly those writing odroults was taken frem tho
sunply of the nowor amplifiors, through n dropping roolotor uo as to pivo

about L50 v. on tho styli.

The movament of the atyld Lo nrodugod by an oloctromagnetic {iold and
a palr of moving coils for vach in nushepull arrangemonts A pair of coil
sprines provides tho rontoring forco. Tho (iold magnets wore supplied
first with the manufactureorts rated eurront by moans of transformors and
anlopium roctifiara, Than in a rather frmiitlosn nttompt to Improve tho
Inearity of the defloctions of the styli, tho £ield s“rongth was doubloed
on ono sot of units,

The moving coils of tho instrument are designed uwo oporate in the
piate circuits of pairs of SLdis working in push-pull, Fige 1 shows the
cirouit usod for this driving stage and the powsr supcly for 1te It is a
simple diroct counlod push-pull stago. Whon ono of those channgls wne uwsed
to record thu output of a d.c.=-convorter amplifior sequonce tho input signal
wno unldircctionnl, It was thersforas advantageous to have tho styli assume
a zoro position which was actvally their maximum usoful defloetion in one
direction. This was rccomplished by using a difforontial bias on the twe
6L6is in a ¢ivon circuit., Then as tho input signel incroased from zero it
would progrususively overcome this difforential bias and push the stylus
through its canter nositlon, then produce an opposite blas and force the
atyiug to its maximum in %hoe othor direction.

Whon a stylus was used to raeoord from an a.c. amplificr which would
produce sipgnels in both directions, equal bins was usad on the 6L6ts and
the rosition of the stylusd,; in ¥he absence of &ignal, was in tho Sentor.

An additional circuilt was roquircd ahead of tho 6L6's for thosu channels
usod for recording integrated waves {®iz. 2). Ta the first place the output
of the intugrators aftor nhess inversion is one-sidad; it prosonts an output
with onu eide prounded. Thc atyli, and consoquentiy bhu power amplifiers,
arc built for oushopull onuration with a ground connoctlon in the conter of
tho 4nput, Hunce ancthnr phase invertor, tho GSNT circuits in Fig. 2,
convartas tho signal from onc byme to the othsr. This comvorted signal is
thon coupled through the L ul, condensors to the nower stage,

z]s

i Fiws oo Lo
el TR



¢ v 23 Sovemom i) S0 AR N ISR R R PR R 25

-

RIS

~r 4

Bro Pt
s abia)

Y
KX PN

L
% ponelx

Epcc = e

et

o saibbe v
.

Z
|

'
-~

2 1]
{
H

Lt i TIVa L ISR SO A 3 3
.

'

»

HHOV.AC

L7 AT PRI e S I VP - -, e B .
EIE) s & (R R g - - e P
Sl 4 Rt ""’_'\‘«f"é - \“’?‘%r‘.:{ - . - fﬁ\, =%,
A e oL v N % NG A 2 o gv; ~E
N e ST e N W e & N AL PG

RECORDING AMPLIFIER

{SIX

IDENTICAL UNITS)

RLE

B — o
- FIELD
] (- mg -

M

)

300K

ij&'m ARMATURE

98

P~ WRITING VOLTAGE

+SG6.
+B(500V) HULV)

3AG-5 ~=—63V AC AT lIA,
@
N = .
REE\DY 3 .%“ 6L® TILAMENTS

OPERATE,()?

200

DRIVE MOTOR

Pt momiey

— ANy
oN + == 80 MFD

WP s —
50 =T

MFD

Fic. i RECORDING AMPLIFIER POWER SUPPLY

+ 200 V.
FIELD AT 3A,




'STINNVH) HOIVHOZINI YO
LIN0%ID M3i3MdWY H3IMOd CGNV  M3id1103d “HILY3ANE 35VHd & *Old

+8y .*.WIM

> I ERE]
” - anp
| = [ | g
/ ! \H*u/ INS9 %
Om ' QE R / .
SWHO S %09 et AN - =
S00i | |t | %09 N
. =S\ e—
——t M2
¥ors 1092 TN
& Lok .c..nn...
! v | 1
| | SIHC wxwlm | —
S STEL o0 V.oo% ~ (2] o w .
V%.m. T ~ _. /,nﬁ\\ N
—— — e wa % ”Aw.l.l* “ ->— i | szw ._.m.
—~=/ e
919

L

For®™*,




=l e

- e x s w

s

\
ol Y

-

‘v\‘

Whan tho {ntograted wave, boing trlangular, 1s pagssod through enndinsore
thore is considerable 'hacke-swing" bocause the condensers take some time to
roturn to theoir normal equilibrium, Thts has the effsct of producing swings
in both directions from the basoe line. Sincs bi-directional swinpgs would
mke records more difficuli to measura bho éné tuhe 1s ingerted into bhe
cdronlt to sliminate the "back-owlogs". This rectilier wiil have no ellect
on tha oubtput of the procoeding oondensers so lone an 1t {g in the dasived
direction. Whon the direstion ie revorsed, howover, the tube bLocomes
conductive and allows tho condonsors to discharpge very gquickly. Thus a
signal iz malntedned whlch la always in tho samo direction frem ground in
a narticular nart of tho olrouit,

Ths slootrienl clrowlls supnlying the eignal voltagos te the moving
colla of tho styld nrovod te respond linoarly with rospact te input aize
ovar the anerabing range of Uw oollee _Albhough tho manutanturer roports
that tho etvli are capablo of about a 13" deflection overail, it was Cound
that tholr ranve of 1Jnonrtby 18 mich loss than thats In faot it ls about
3/8 of an inch for d.6. sienals. This limitation is ovidontly in thu
springs which roturn the stylus to pouition, and against which tho algnal
mugt work, As onn spring is strotohod during a deflootion tho other
shertens,  Tho pull oxorted by the twe 1s oqual dn tho middlo poaition, but
an the atylnn {r doflected the mull of the shertonad ono bosomes lens and
lasg and that of its onponunt pgroator and nrocter. Consagquontly moroe mnd
mora foree 18 roquired Lo defloct the stylus a glvon disgtancs,

h partial solution to the oroblem was securod hy doudbling tho length
of tha writine lovers. Tho longaor lovers werc constructod of light aluminum
shuot taporod from 3/16" to 1/3 to koep tho mass and momentum as low as
posyibice A stcol phonograph needle was fitted into tho tip to seryve as a
marking neint. (The ncodle is changod frequently bocause of wear,) With
thls nrrangement thore is a linear daflaction of tho stylue of 3/hM (3/8" in
oach diroction from contor), Though there was ne quostion but that those
longor styli would rucord such slow changos as broathing, ges.r., otc., it
was necessary to tost their rasponsc to such signals s those from thniz action
potontianl ;utwhxuuuxuo Tney proved Gven there, howover, to follow the aignal
about A8 woll as tho shortar levers. So long as deflections werc kopt small,
thorefore, they eculd bo treatod as linear, “This limitation made for consid-
erabic waste of spaca which could have boon uscd for greater accuracy or
convonlencs in reading, bul rugording was nossible, Inadvortently oxcooding
the 1imit of lincarity ccriainly caused the most serious errors in the data
coiluctod, In tha cass of g.8.r. rocords the limit was intentionally
vxeaadad nnd the date interpreted by moans of a non-lincar calibration curve.

In erder ot 4o proocoupy one of the rogular recording channeis for time
and aimmal indicatlons a spoclal tyoe of marker was usaed in the lster symori-
monts for these purp_scm Thig wae n short lovar which would maks a small

upward movament in r csponse te ono rolay magnet, a larger movement in
T38pongs te rpother and o downward movemont in Tosponse to another. Two of
these deflections were usod as stimulus signals and the othor as a time
signal. To oroduce timo marks a smell synchroncus motor drove a sam which
would make and brork a civenit onch s:cond or half accond as dagired,

rite By monhs of Wolagtric dnkl it iz poesibis o

yiof Intorruntion of this flow. ~"is dovica was ussd
to signi the buginn'ng of tne anplication of prassurc to the blood prosasure
cull hy the morcury pump. At the boginninp of o«ch cyeclo thore was a briefl

intorruntion of the wf‘i‘i"'nn' vn-Tnan An ¥ho raien Hnn aAr Antacremenddxm sold Al
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wag producod by hraving the pumm cam broak tho contwct of a micro-switch,
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CHRAPTER XVIIX
PROCEDURE POR MAJOR WYXPERIMENTS

4w

Tha pracuding shaptors of Pard II have inoluded a discussion of the
phyaiologicnl and noysholepical backpround whieh has influoncod the proiim-

inary choleo of varlables to bo oxamined in thio rosaareh, and also desoribves

the apparatus and teohniquos of monswrement used to rocord those varizblos.
Farther selogtion of varinbles was basod on proliminary vasurimonts, &owo of
which aro deseribad in Part T. Tho prosont chaptor and nucoooding ones are
consernsd with tus madar oypapimmtba 4n which the subjuots committad a
laboratory orime, following which thoy woroe quosticned, and a numbor of
rasponsen ware roeoorded nlmilbonvouslys Variables ropresonting var ous
aspocta of theso rooponses were analyzod singly ond, by means of a provodure
which wa have called pattorn analysls, in combinstlons, The resulis of the
firet of thaso oxporimenta, tho prosodure for which will bo indloated
subgaquontly as Procedure 6, woro also oxaminod by means of pattorn analysis
to dutormine weightings of oaoh variablo for tho prediotion of deoocoption.
The aocond oxmeriment ig oasonblally a ropetition of tho first uoing a new
groun af auvhjoets in order to valldate the obtainosd wolehtss The quostions
uscd in the fMrat exporimont wore roponted throc timos in ordor to increase
roliabi by,

Biphty=nine subjects woro run in tho firet xporimonts OF theso 31
subjecta wore discarded before data wore anelyzed, ‘These subjeota were
climinatod becanse with a fixed order of quastions tho oritical quostions
concarnine tha "erime" thoy committod come first and scoond in tho sories,
Becauso of the adaptation of many responsos which was found to osour (in
reliminary exporimonts) it seoms desirable to reduco variability by
sliminating subjocts who liod on thess iivst wwo questions, Tho Analysia
of singlo variables was hasad on tho romaining 53 subjocts. The patiorn
analysis was basod on the Lli of those 58 subjocts for whom accoptablo data

w
wan ~aldia % |
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1 variablose

in tho second axmorimont 29 subjocts wore run. Sovon were discarded
beenuse the "orime thoy commiiied was montioned in the firast twoe oriticel
queationa, An additional threa subjects were omittad from tho pawtorn
analysis bocause of Incompleto records. The procedure for this sccond

svnanimant 40 havaaftan nnl11ad Dwnanndunwvws 7.
V‘-:‘“ﬁ P IVTY BV whc Wt SANTE WA WW A N N e\ B e 0 WP s R RN tre
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Procodurs &
Bach aubject was told thabt ho was aboui to take part in a lia detaction
oxporiment, Ho was shown four sobs of coins: ton nilekels;, fiva dimes, tuo
quarters, and a fifty cent plste« A cover was placed ovar the coins and the

Aftor T leave the rouiy T want you to take onc of thae sets of
coing and put it in your pockot (or purse); then roplace the
caover avar the remaining coinss, Whon I retusn, do not tell mo
which coins you have takon, Later on I shall try to find out

hy asking you questions about tho coinz, IL I am not successiui,
vou may kcop the coing you have takenti

T Prosedures le5 were successive modificAtions of proceaures assnaonea 1or
various reasons hafore the final Procedures 6 and 7 wers atabilized,
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The oxporimentor loft tho room and returned aftor woilting long cuough
for the subject to romove and dispose of the coins. The subjoct was thon
veated at a tablo and the apparatus was conneoted for moasuring tho following
responges:  tho right and loft hand paimnr .8 WLu) tho prossurc nulse {rom
the rirht radial artory, wd tho volume pulsu from tho loft forefingor.

The subJect was then informed bthat soon ho would be acked o read aleud;
but that beforc he did any roading, ho was Lo alt quietly snd relox. He was
told that e would be notified whon te bogin roadings Tho roading matter
was a page from a textbook in ohild poychologys Tha book was held in posi-
tionn at oye loval by u clamp and atand which were locatad on the table in
front of tho subjoots Whon tho subjeot indioatod that he understood the
instruotionn, a nair of nar phanan warn nlnnad an the sahdestts head and &
microphono was pealtioned on tho Labla olose to hig muubh. Tho misrophona
and nay phonoe waco connoctod to a modificd tanoereoorder, which was wired
su Lnat vhe worda apokon hy the mbjoot into tho minrophono roturnod through
the ear phones aflur a delay of approximatoly «2 cocondss Tho typlonl offact
of thls "delayad loadwback" on naive subjoots is to dlamipt tholy spooch
noblcuably, It was used in tho pronent study to producs a mild omotional
or atrogss situation.

Whilo tho avbioot was rolaxing Lafore the sipgnal $6 begln roading alouwd,
4 one minute recerd of his rost loval ranponsoa was medo.  Dnmedlately
following this; the subjeot was asked to bagin voadings The subjoot reed
for one minute and a rocord was wmado of hip rospenses during this roading
poriods The fead-beck equipment wes then romoved and apparaths wias oonnestod
for maasurine the fellowing additional rospenscs: thoracie braathing by
means of a mochanical-clactric pnoumograph, and mouth and nose breathing by
means of a thormoGounlo.

The subjoct was mext informod that the oxverimontor was going to leave
tha room and that he would communicate with tho subjoect by means of the loud
spanker and mioronhone which woro looatad an the +all in Tront of the table,
Tho subject was told that ho would be asked n sfories of aquestisns which ho
was to answor aloud. Hogt of the questions, tho subjoot was told, wovld havo

o do with thu colns, .Ho was instruscted to tell tho truth in answering all
of thic quostilons oxcept those quostlone that had to do with the pnrt*cular
toins that he had lokonjy ho was told to lle about tho colns ho had romoved.
Ho wns rominded that he would bo pormiited to ksop the coins that he had
takon if tho oxporimcnter wag unablo to discover from his quostioning wnlch
coins had bewn Lekone After tne -oxperimontor was cortain that the instruce
tions were understood he laft the subjootts chambor.

C!' 11

iay the rocordor was tiurhod on and n Sorics
Oh L quesvif,\‘ng Ovna neleas M‘h‘é H!ihﬂ""gl\hu un\nn nnlrnr‘ n'l' a ‘Y‘ﬂtﬂ ﬂf' ﬂ‘hn“" onn

.‘.v.-u LLR TR &L 1%
guastlion ovary m.nuto. Ine guastions wors amwayu QSRbd 1mmcd Atoly aftor
tha broak in the pulae presswse line which indiss the moTEary

A TTAAAWAS a.uu*va.uvu ulw&\'

prossure on tho arm was hoginning *n dvioregues The Lirst four quoeatlons
Were "naunraLﬁ quostionsy the noxt oight quostions were contdrnad with the
coins; and the last dwo -questions were vsed to nroduco o mild stress sitva~
tion. The quastions that woero asked wnro'
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5. Did you take the nickols?
6. Did vou take the Tifty cont picca?
Te Arc tho quartors still under the box?
8. Did you take tho dimoa?
9. Aro the nickels still under tho box?
10. Arc tho dimus atill undor tho box?
1l. Did vou tala tho quartorn?
12. Is tha fifty cownt ploou atill undur tho bLox?
13. Do you fool an oloctric ahook on your loft hand?
1. Don't move your Luft handl Wo gaom to have n bBad oopnootion and we
dontt want vou to ot shoolkod!l

Aanut onme minube aftor Lhe laot qQuuotion tho rocordor was turnod off and
tho subjoot wru removed from the apparatuse Ho wag ronsmurad about the shoak
threat sittuatien and askod net to commmioatu with athew notentinl aubjseis
about tha vxporimental preonduro,

Progodure 7

The subj-cts Ln this oxvorimont wore 29 undorgrndunto mon mnd woman,

of whom had soerved proviously dn psychological experdmontss Tho proce-
ot h&q th“r;mun woe ntontionally almoot idontical with Procadurs 6.
szond study ALfTored from Proceduro & in tho following rosponts:

1. No responses were recorded until after the reading with
fond-back,

2. Questione #13 and 1k, which wers soncerned with the sheock, wers
Omittﬂdu

3. The following additional questions were asked, tripling the
numbaer of questdons conoarned with colns in order to inorease
roliability,

13, Did you take the dimes?

1. Are the quarters still under the box?

15, Arae the nickels still under the box?

16, Did you take the fifty cent plece?

17, Did you take the quartsrs?

18, Is the fifty cent plece atill under thao box?
19. Did you teke the nickels?

20e Are the dimos still. under the box?

2ls Did vou take the quartors?

22, Are the nickels still undor the box?

23. Did vou take the dimes?

Zll, Are the quarters still under the box?

2%, Is the £ifty cent piece still under the box?
20, Are the dimes still under the box?

zTs Did you take the fifiy cent nisnca?

2 Did you teke the nickels?

Ly
<o
.

4 >

rest period was introducod botwsen guestions #16 anu 17 which
aéted approximately five minutes, The pressura ou £ was loosened
nd £he subject was allowad 10 move about il he do desired,

o8
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MEASUREMENT OF RECORDS AWD ANALYSIS OF SINOGLE VARIABLES

(Prosadurs & and 7)

In thosa exporiments six redording ehannela wera uasd (plua the
suxiliary marker for indicating timo and stimuluss A ssotlon of the recerd
is shown in Pig, 1, The two uppor linos in the fipure aro g.o.rs recerds
from the right and loft hands rospaotivelys, Both olevtrodos, in wach oase
wors placad on tho palmar surfaco of tho hands. The third line from tho top
is the reocrd from the mechanical-cloctric mnoumorraph: the fourth is tha
breathing record takon Cyom the thormooouple in front of 8's noma and mouth.
The f10th 1ina 18 & rocord of tho nrossure pulsy takon from the right radial
artery and used for the mousuremont of various blood pressure valuep as
oxplainad below, The broako sosn in the line are the slgnals whioh indlcato
that tho morcury pump was boginning to apply pressure, Tho pressure roleano
came, ag aoparant, 2 little more than half way batwaon tho broaks. The sixth
lino i3 a rooord of tho volumo nulse taken from tho left forefinger.

For each rasponsa wsod ao a part of the study the followlng muasuromonts
ware btaken in Proceduro 6:

1 and 2. G.8.F, right and loft hand. Defore cach stimulus ¢ho lovel
of skin rasistanca shown on tho g.o.r. linee wae moosured and ocaloulated as
dosgcribad in tho section on r.c.r. recording.

The higheat point roachod by tho ges,re lines in voint followlng the
stimulius wab moasured and convertod into onhms changs from tho praceding
level, In most cases it was necossrry to uga a non-linear salibration table
to make thia conworsion. The ohms change in each case was then converted
Into a fraction of tho prior roslstance leveld in accord with tho roasoning

given in the agotlon on f.8.7. TFOCOVUAING.

3 and &, G.S.R. Time, right and loft hands Tho time botweon the
sLimulus and the r.s.Te¢ maximm was measured in each casa. Bocaugo one
camot definitely locato the stimulus when 1t is an oral quostion a moasurc-
ment of latency was imprectical, The time to maximum, boing longer, is less
aistvrbod by this uncorteinty.

5. Broathing Amplitudo. As shown in Fig. 2 both breathing records wo
divided into standerd periods for mocasuroment. The fLirst (&npg*iOd\ coverod
two inches prior to tha stimulus, (Two inches equals ten scconds here.)

Tha half inch fcllowing tho stimulus was not moasured, on the aasumption
that S's reply might affect brsathing thore. The two inchos following this
was maricod for mﬂasurﬂmor* !‘!'.h': ('..nnw' r‘-"-\.- ‘I’hesa M'n"r\ﬂn wara salaokasd
morely on the basis of racord 1nspection vwhich suggestcd that vnriation”
might be found in them. Bath of tho two-~ILich perisds was furthor divided
into halves, designatod Al, A2, ota., In cach of there tho hipghest point
and the lowest polnt of the breathing curve was locatad and the diffoerence
moasurcd. These measuros provided our readings of breoathing amlitude,

é; Branthins RBahs, Bj:jﬁ%_“____ g fvno oquaney was mAsmved ‘guv oo "!u?flﬂg ‘ha
numbsr of hall cyclos of the brea hing curvo in cach of the sbove poeriods.
Smallor ;r&ctions wera ooundod o ©his nearast hail,
[ e ansas i s fc AL RS : B o= r —*““"’"M‘W
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6a, Pronthing Timo, At a lator timo rocords were vo-measured in 4
different fashion, so as to avoid this approximation, Aocording to the new
plan moasurements were made of the time cocupled by thres breathing cycles
prior to the stimulus. Half an inoh aftor the etimulus waz omitted and the

imo {or oach of two groups of thyas ayvles thorsaftsr was neasured,

7. Thermal Breathing. Similur poriods were marisd off for the tharmal.
breathing rocord. In thoso the maxtmum md minimum pointo wore moasuyod, the
odge of the paper being tho roforonce lines Thote monsurements were not
subtracted, but ontorod amsparatoly into tho tablos.

8. Systolic Trussures On tho progeuro puloe lina the ddsiance bodwasn
the ongot of anpllod oressura and tho dloappoavance of tho pulse was measurod,
Tn dotarmine the peint of disappoarance an wabrapolation wne mada fyom the
praka of tho last twe (diminiching) pwises to tho baso Line, This moasuro
wea takon te represont systolic prossuro., (Whera the proggure ouffs have
baun toc loozoly anplied to tho arm the pleo would not comnlotoly disappear,
Somo racords hat to be diseaprded for this ve.sen; soma could still bo mensurod
by the extranolation doviso,) As tho rosulting monsuro was prosumobly
proportional to the holght of the moroury column, it wns laft without coens
varaion, Ona pressure cyolo Just boforo the stimulus and tho thyoe dymedd-
aluly Tullowing woro measured in this mannor. It was believed that relative
muasuroncnts of tho preesuro would be loss subjoot to tochnian) orvors. Mhe
systolic moasurcs aftor cach stimilus wore thavafore exprossed as ratios to
the measure taken bafore cach stimulus,

9» Diastolic Prassuro, The sizc of tho pulss on this line typically
ehows an incrsase Just before ite final docroasc. The distrnce of this
maxlman Iron he Gnsot ol applied prossure was moasurod, Acoording to tho
reasoning eiven in the soction on cardiovaseular techniquos this shouid
indicate diastolic preasure. So far as pemgible a diastolie messuremont was

taken to correspend to cach systolic and the rondings were put into similar
ratio form,

10. Progsura Pulse. The amplituds of tho prossurc pulse was measurad
during & part of the pump cycle whon no prassura was being applied. Tho
amplitudas of throg pulses half on inch orior to the signel broak wore

moaswred and avoragod, Thoso measuraments were lilkewise takon fop one puamn
cyclo nrior tc cach stimulus and threc cyclos theroaftor.

Ll. Pulec Ratc. Tho pulss rate snd time per pulsc cyclo wors read
from either the pressurc or volums pulse record, whichover was more econvone
iont. of {requency. Tho $wo iuch blos
degeribed for breathing moasurcrent wors uded; and the numbor of rulses in
each were counted,

”m ”~ e 3 2
LYty e at
ino Dirst measuromant mado wao

12, ®ulsc Timo. Since Operation 10 seemed to give rather irrogular
results the records wors re-ruad in 1 differont manner. Fivo pulses unt

wiore the stimulnx were counted off and tho distance covered 5y ithom weas

...... Seater

mogsured in millimeturs. Similarly the timo occupioed by cach of 3 groups
of 6 pilnes aftor the stimilus wre moasured, (On these rocords 1 sacond
= .5 mm,)

3o ™Milse Voluma, For meoasuroment of the amplitudo of pulsce volume
the division into 2-in. blecks wes apain negad.,  Two additional blocks were
also maneured, The tuc-inch block felloding the Ceporiod war dusipnated the
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D-pariod,
Feperiod; wore thun moasureds In thia
into tlooks holf an inch long, dosipgnetod AL, A2, A3, AL, Cl, otc,
diffororco botwoon the highoat point venchod by the pulaso lino and the
lowmet 4n cach of these poriods wag btae muasuromont used.

L oW 8T Ak} VIR "-l. {

U

Tho noxt two inches woro omittod and the following two, the
cage thero was a further sub-~division
Tho

Tn summary we have tho following vardablos and moamiromonta of onch
variahlo.

Varinbloe Moasuromonts

1. 09R TRH Bage Lovel and Rogponoc
e OOR TT-I4 fAnco lovel and Roaoponno
3, 08N T™Mmo RH One mensure pur stimuluo
. 51 Tiw LH Ona monsura nor st.imalun
. Hroathine Ampldtudn B mansuray per stimlus
6. Bronthing Rate L, moagures per stimilun
fn, Bronthing Timo 3 moaosuvon por atimulus
7¢  Thormnl Broathing 8 mousuros por stimulus
B, Systolic Preasuro Iy monsuran por otimulus
9. Dinsntolic Prunsurn I moasurey por otimulus
1. Proscure Polup i maans por stimidus
11. Pulsc Reto Iy moasures por stimulus
12, Polsc Mo I} maagivae por abdmilue

13. Pulnoe Volumo 12 monsuros por stimulus

Thore v tharefars altegrther 61 roadings for oach stimulus studiod.

In Procadure & only those S's wors studiod who took dimes or quartors
Maman “"}O J'r\olf b n-.-‘nn'u "-nn denomjn"ticng wara

d’uriﬁg th\: C;:‘{)C'I‘fm'ﬁﬁﬂtu LI IVITIT I, . wiave nYry
axeInded heemnae the aritical quostions for thom eemo first and last in bthe
sorias of aumxﬂnnq about \nnnnv and hoocanaa ;..‘.'.“.‘. Qta wnye volativale Lfow,

The rogponsos momsured for Procodure 6 worc thoss to Quostion 1, a noutral
nnoqtjnn, and to Quustions S-lh, whicb woro theec dcaling with taking moncy

{% =17} nnd tho twe shock throats (.‘.3 and .!.4);

N =y

In Pracodurc 7 fewer measuromonts vwers medc, on the basis of the
the two g.ox.times, broeath-

aramination of Procodove 6 rosulta. Omitted wove
ing vate, thermobroathing, diastolic prossure and pulse rate. further, only
thos: questlions woroe measurod which uOﬁCOlncd dimoa and quartors during tho

money qu-gtion serices, Tho Queostian 1 reogpongc wns measurad, but responsces

te shenk threats woare net.

n handiing tho doia for Frocodure & the ourpose was to Tind what
variahls nd what mn‘xewn':rqnn'i'g of annh wattl)l Bsoarimined: hobteoon 1do
roratinna and non-liz reactions whon thoy wore considorad one: atoa timas

Y e S .-1 L\ LY 28 o - e
s TIe . [ 5

n A end A bl £ K
TY\ mh"*“" Th-‘ A"“ﬂ"’” (L ETRI A0 WAS WOCTNOGT LneTo Wao

A
g W
response at all, on the vorase in a particular variable. The sccond
question war whother thoeras wore differonces in the rousponses in size or
direstion, denendiing on the nature of tho situation, csoucially the 1ying,
Where differences nppoared LV wad noGossary o

ardd non-iying situations,

daoidc which nnrticular menourements of a variable would chow thom most.
Vinaily 1t wae ncocssary to discover vhether thore were any sorins nosition

offccts in the Fespunses @ilch would need ho b allowad for in discriminating

iving and non~lyine,
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At this voint testo of signifivanco for the scveral variablea wer. not
available. The variasbles were thercfore Jjudged according to the size of the
mean differences and a noneguantitative ostimate of thoir consistoncy in the
sub-mgans ey saparato questiond. A wrong choloe here, based on misinter-
mretation of random errors would resuld In a lowored prodictive valus for
whatever combination of measirot Was chosen whan 1t wan applled to the
fuhook" group (Procodure 7). Actually whon the data for Prooedure 7 were
comnited the mean trends wore feund to bo about tho same as those fov
Progeduce 6,

Moan Tronds

Fynes the veoults for the two procodunco aro wuch Uhe same for wmean
trende tho datn {rem the two will bo prosontod topother though only the
Procedure 6 data war avallablo at the timo tho ordglnal analysis and
anlnctien wan made,

1 and 2, 0.8,Re Thore is a surprising lnok of corralatlon botwoen
rogistanca lovala and hntyoan rngponggg for the sisht- and lofi-hand geo.r.'S.
For nro-gtimuine rosistancs lgvsl the corvalatlons rar the two groupa
(Procedure 6 and 7) wora W43 and <47 For rosvonses hioy aro 53 and «55,

(In computing turse cerrclations all resistance roadings for sach 8§ for lia
and non-lie rcanonses wore avoraged togathor for cach variable, Similarly
rosponses waro avarngod, the scoros boing in ratio form.) Svidontly tho two

channels of a.8,r. will yield rather diffaront information,

ThoTs Lo a meat galvanid sikin response, of course, to each question.

Mean rgesponses for lying and non-lying situations and for the shock threats
are shown in Mg, 3. The lio responso is groater than the non-lic. The
shoGk throat rosoonse is intermediate, tut the responso is doubtloas
weakenad by tho position of the stimuli ot the end of the seriss. The
(n‘a]')hs includc data from all non-_[i_g ag wall ag lie and shask threat gues-
uxuuuo Laber t=tcats were mads in which 1is and non-lic responsos to 10¢
afik 25¢ qLu:-mom: woro comoarud. The t-valuos ara, for Procedure 6, GSR I,

Lok, OS8R IT, 2.37. (ALl t-values for Procoduro 6 aro from comparison of 2
145 and 2 non-L1io responses for Ll Sis.) On the basis of the data Proce~
dure 8 both r.8,r.'s vwere included in the studiss of combinations of

moasurcs, It is cvidont that the left palmar surface gives bottor reshonsos
for tho purposc than the rignhb.

ghows the mean g.a.r. timaa for the

v shows the mean g.s.r. timos for

+ o &t G or te shoak threat, it may be seon, cocuplos a
larger tine Jhan thc responsen to the other two, which aro relatd valy
gsimil

Mo tiims measurces vary in the sams diroction as tho ;uzu_-_t.;‘buuu e S1 T s
for thu geGeTo Tvidcenily thira is a goneral tandoncy foy the shapa of tho
¢.8.r. rasponse to romain the samo: whon it increases in tho one dimonsion
it incroascs in the othaers ‘Though the corrclation is not worfeet it seams
that the timc measure would plve tho samc information on kyin and non-lying
sg the smplitudc moasure though rathor loss procissiy. Accordingly the

LES )

maasuros werce not included in tho combinations studiad,

"":. ﬁ-l‘uﬁt‘ﬂi‘n{{ Amnl‘.‘- el ® Thes mosn broathing ﬂlmldttudﬁ afore and after
it 3

+ho wardi-ne +onae -~ e+*~n\1-¥ 1o alhiarwn 2w T~ [ nd Thoa buseadlid vim Al ;mcen
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praducsd by the woiwwy auostions ta in pencral an increare in denth whae's
S at Vs rreatast dnruﬁ the Cuperiod (“i" *o]”*“‘ after the stimilns. Tt .o
: impopsible to say whather this inereass is produced by thn neces q\ty Fer 43
to angwer "yea" or "no%, or whether it 13 associated only with the question.
Broathing amplitude is the one function in which the roeuponse in the lie
situntion was lose than during the non-lin situation. Conslstent with this
dgfrpr@nc@; nowavar, tha response to tho shook throat ls somowhat in the
oppeiite direction, Consaquantly, tho lin responno is batwoon the nonlie
and ghock throat reoactions. It may be hynothosizod that thoro are twe effects
herot  quastions in ponoral tonding to inoroaso dupth of broathing with lying
and rhock thront aitvationn addiop an inhibltory afloct, The Iirst tondoncy
te ovidently the roaction commonly found to a stimuluve whioh also calls torih
armo mavoment Tooo the tnlividuale (Goe ocotion on Proathing Mevement
Ropponaane ) The sacond im porhaps to Lo comparad to the chocking of broathing
dring a A1ECicult task such ae Tletonlng "r o sownd or to thu shallow
braabthilne that appears In cortain dlscase . .ntos:  Two diffovent noural
mochaninmn, with spmonite affcota are ovite possibly onorating, though ab
thin point onn conld anly puass ol thodr ldontity,

Ono misht mwnnge that the requiremont that 8 give a roply was a major
factor in producing tho inornaan to tho monay quoation, Hewaver 8 also gave
n veply Yo the Pirsd shoe'. throal, bob showad no dncrvase in anpiliude.

For discriminating Lying from nen-lying tho difforonco hoiwoon tho C-
put o boasune ano ths A-pueriad measurs sceme mest promiszing.  The fntorpre-
tation would be, of course, that » amallor dlffnrnncu in thc e/ function
venld {ndieato 1vin". A h~t,nf of tho differonee botwacn lic and non~lic
rnaponaes ror Pracadure 6 (uaing two rosponsos of aach kind for cach S) gives
a valuce of .51,

Though the Aifferonco for tho Procodurd 6 group is small thore was some
discrimination, =nd it was decided to rotain tho measura for studice of

combinations, ospecially sinco Drontnlng has ouon a traditional variable in
1ic-detection, With such great variability there is, of courso, a sorious

>
qucst*.,cn uhathar the difforoncos found could ho nvnnn-&-nri ) spposay ‘.".,g‘-;lar Yo

At soen in Flg, 5, the separation wag, howevor, somowhat groator in Procedure
To The varlability {(scc bolow) was ,css,anu for Procodure 7 ag a2 whols, thie

vardahle was tha mogt discriminative of all thosn arxamined,

6., Breathiag Ratc. The mean rasults for breathing rate for the
Procedure 6 groun are shown in Fig, 6, Pollowing the stimulas thoro wes a
roduction in rate of braathing for all throo situationa. The moximum
Ai fioronce botweon lic and non=Tic situations cccurs in tho D-peried about
20~30 scconds after the stimulus. As tho difforence appecared small and tho
«cehnique of moasurcrment rothor erude, it was docided not {o uss theso dnta

noa f‘mx.'.x.ﬁ;..l--l ant of maamrng,
H

w—erlns L0II2 L B

b=

6a, Breathing Time. Tho second sort of wmoasurcmont of broathing ratu

fim~ 4 e .{‘ + " -!n-lnn
JEATITLAS dnn ddmon few goune © v nbrn'lnn\ sanmaid manrs Do ne

Fig, 7 shows the mean tronda, Since the moasuroment hore is of time the
apward trord moans n stowing of rate of breathing. Apparcntly oithor typo
of stimulus slows the rate of bre:rthing, with lving producing the greater
Toct,  The maximun ciffercnse, 1% the first pericd after the atimmlus, is
ruificrnt. Far thoe  anntden (Vat nnqt-.nﬁrmﬂus minus prregtimilus) t"m
t-valuc is 1eTs Thiz measarc evidently hae semo valuo in diseriminaling
Tring { <om non«1ying, 1t least for tho group of subjccta toated.
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10, FProsoure Tulso, Tho TOFPONEGS Jound I OUD Moawur(d of prodsur.
pulsc (Mg, 11) vary in ths eame wny sa do tho systolic prossurc rosponscs
(riz. 11). ‘Thoy are smol)l fer anock throat, modium for non-iio, and grentost
for lie, Thoro is howavor, oonnidorable varlability, soma of which probably
arises from reoording techniauo. The moasure was not usod in tho pattorn
analyats, but was includod in othor studles of combinations. Figs 11 shous
the diffarsnce far Procadure 7 was laoss than Loy Procedure 6. With botter
quantifiont ton, howaver, the moaswro might have conslderabile valuos, and
could quitn poosibly roplaee tho moro oumborsomo systolls measure.

1i. Pulse Rate, Tho maapupomonta of mulso rato by the £irot method
trind wora ochilofly notablo for thalr lrromlarity. Though some conslstoncies
of Twaponac appesred, it goemed Lilmly hooanea of rasulis obtained in
Proc~dure i that tho mobhed of wwasuroment vae at foults Thorofore all
reconds woro remoasured in tha mannoy dossribaod as vardableo 12 bofore furither
analysis,

12, Pulse Timos Although Vthis sort of moasuremont ocannot “o locatod
dafinitely in timo 1t has tho advontage thel no approximatlion of fractlons
of a pulse oyole are reoquireds It may alse ha an advantoge that in averaging,
oy nﬁngﬂd§nn pulsn boats ape addod logathoer, (1T+ may be that reapansas in
the circulatory sysSom aro bent roforrod to ibto own time meale.) FMge 12
srows tha nulse timo rogponsos to the varloun aituatiens for both groups. In
the Mipst flve pulaos aftor the stimulus thore may be an accelaration
followad by a very clear alowing of tho pulso ratc bolow normals This is
avidontly the same kind of rosponso doscribed as a featuro of Typo T cardio-
vascular rcsponsa in an earlior section. The dosoleration is praater for
lying than non-lying, and ia stlll graator for the shotk throat situation,
Tha lnwaggt diffaronce Lotwoon tha lying and nonelying responsos (frooodurc 6)
is brou#ht out by subtraoting the first post-atimulua moasurc from the third,
A t-test of the difference oonwoon lying and none-Llyling for thls function
{-_,“ﬂfUn & vaiue of }o)hc In Dulku,y-mm soms combinations of meacurcs this
function (3d mime lat post-gtimlus moasure) wag uaed. In tho "pnﬁtorn
analysis® tho twoe wore entored saparately, on the groands that thoy would bo
properly combinod automatically in thalt ealculatiot,

[

—'

13. Puls» Volumz Amplitudo, The moan responsos for tho pulss volumo
mengure are shown it Fig. 13: ("o moasuromente plotied for tho Y.ocodurc &
group ars thoze mado in tho mannor alrcady describeds Thoszz plotted for
Frocoduro 7 (Fig. 13B) woro made according %c the plan describoed in tho
scetion on cardiovascular rcaponses, Tho hoight of oach pulse was measurod
and the average computed for tho lst pulao, 2nd pulsc, otes In tho statis-
tical annlysis, howover, the same typo of moasure was usocd for Procodurc 7
as foy Procudure &.7 Ths response to all of our stimuli is ono of diminished
pulse size. Acoording to tho analyeds given in tho soction on eardiovascular
variablos thils signifios o Q,vnsoconatricﬁion. a part of the Typn I reactior
thore described, The rosponse begins a fow osconds aftor the stimmlur and
raachcs ite agreateat slzo nbout 10" after the stimulus. Recovory is slow,
being Incomploto oven 30" after the stimulus. AJL situations producc nearly,
though not quite, tho same amount of dﬁcrarso m the pulso sjzo. ”ho roason
may be that a mnx:mum vasoConairiciion 15 rFAThGY -.c.;u.n.‘y prouuuuu uy UiGs0
stlmuli, 50 that 1t occurs in noarly all cascs, Differences botween stimulus
offrects chow up more in the rocovery veriod. %hoek threat responscs azs

slowsst to rocovor, non-lic rogponees ars most rapid, and lie rosponses
Lot oatinnce sl b, Qlovan v"!«n m»-&»-& "-‘n_ e X N A&J‘o.-..-.,rpp !‘n‘!}":ﬂ"’ -‘n f}‘(‘ D..

shed & WP A TTI Sa v W B PECHIL S ST 16 PR > xuu!-x-.xu 83,3 L0

pariod (12,5% to 22 5"'aftor tho stlmulus), the moan of this poriod wea taken

PRt - SRS "%ii,_@ Fopee T 3 Py %:':‘ R e ]
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a8 the princlpal maasurs in furthor studies, To adjust for initlal leval
the difference botween the A and D moans was usud for mosi nurpogos., In th
"mattorn analysisi the two moans woru unborad goparatoly, howover. For
Progodurs 6 tho lio-non-lio diffuronco in tho A=D function has a t-value of
alde

It seoms probnblo, from Inspoction of tho rotords, that a good doal of
the vordinbility of this funotlon 18 produced by unoqual pro-stimulus condi-
tione, Quite ofton tho otimulus wao dodiverod whon the vuloo lse wng
already diminichods  Semetirpas 1t had net rocovored from tho constriotion
of the provious stimulie, In many individunle, furthor, thore aro many
Hanontanncastt eanaganstristions vory mich like the roasponsop tn tho intone
tional stimulls Tho oxpardmontor would probably do woll to wait for
easovery boleve adminiotoring the next atimmiuwe, This precautlon 48 ¢spoa
einlly important in a vardableo which has a "eeiling! se eaaily ranchad.

One may consldor all variablos togothar in attomplt to oonatrmcet &
roture ¢f the physlolonical chonpon produced by our stimulis The following
statemonts summarizo tho offects for our Hipy

bo AL1 stimuli produce a chango in all tho variablos studied (excopting
posaibly the shodk threat-breathing rosponso combination;.

2, A1l (mecar) stimilus offoots on oach physiologleal vaviable are in
tho sama direction,

3, Tn the cardiovaseular system the response is of the sort we have
cullad Typo I resconse, lavolving waripheral vasoconstrictlon, cardiac

doceloration (possibly preceded by a slight accoleration) and inereasod
systolic, diastolic and pulso prossuras. The breathing, with the exception
nntnd, hooomee glower and desosr, perhaps {undamentally oy reason of
exagaeratod pauses bafora ingpirstion, The palmar sweating mechanism is
netivatad.,

e In vulse timo, and volumn pulac ampliinde, shock thrsat produces a
greatar raosponse than elther lying or non-lylng rasponses to tho mency
quostions, This would probably be tmo of the ges.re alan ware it net that
adaptation hed weakened the resgonse by the tima shock threatvs wore 7 .

In breathing rosponsos the order is raversed: shook thrant nroducing laaet
and non-ling the groatast shanp~, In the throe blood pressuroe variables

chack threat producas very 1itise rosponse, while lying produces the gruatest,
(Sec bolow for vrobable abssnce of adantation.) Excopt for the blood

£

preaswre moasurcs, thereforo, tho 1lile rosponsc may be cxpocted to bo intere

~ - mensY PN L . ] 1
madiats hatwean the non=1lic ana the shoetsk thront,

i

T Yavar. wenT dhsadae Lbio odeOL ok e
« In 51l camng cxocnt brogihing AMDLLUUGE U0 6rieééTn Poceiliar To
IIFHe 15 A T luoaTaTs T, Wesmerios memadeem.d oo o o s i P DI
L ‘"-r: 150 Le JEIUGaTATT LAY JULUGHST Drogues uy o noneLlio qUOETLLION s \GLA0TOLL0

prossurc here disrogerded)s In broathing empld
inhibit the rcsponso producad by a question.

Table I shows gomothing of tho diseriminative power (lic vs: non-lic)
of the various measurcs takon sinpiys Tho '"Dlecrimination Ratlo" is the
mean diffor neo squared dividod by the 3.0. of the diffarconcos by subjocts.
This ratio is the onc which prtiyn andlysis maxiwdzos for comtinations of
measures. It is ugofnl thoerefore in comparing corbined with »ingle variables,
o

oy Uiz Lo
AR & UL

Sontag. of DuinStion' ie the mercant of tha Andiwidunle faw cbow dis




TABLE I
NTSCRTMINATION (LIE ve NONwLTE) SHOWN BY VARIOUS STNGLI VARIARLES

Prooodura & Proocdure 7
variablo Par Cont niserimination Yor fOont Dioerimination
Dotnotion natio Dotastion Roble
GSR T 60 JOf 0 2001
Gon IT 1 23 0 087
a9R 1 59
Tme
asR Tt 13
T
Droathing 57 WL 7 130
f\?TITN
Broathing 68
Rato
Broathing 63 o1 68 0137
Timo
Systolic &6 W12 72 211
Pressure I
DNingtolin 55
Pronaure -
Preasuro 6h .05 62 002
Palac
Pul.so 68 023 6;.& :15=.s
Time
Voiume 65 02 5g 002
Pulse
- ‘ 2 e o “‘;" ——
T SRR - ' e -'J"ﬁ%ﬁ’é’iﬁﬁé




lic-ton=liu difforence has tho same sipn «s the average differenco: in
other words thomo also show tho tondoncies doscribad sbove zs typleal,

The percentages of detection ave lower than those found in the more
successful of experiments of ether invantipgators, and lower than thoss
found in our own speclal sxporimonds (on the g.fe0s for exampla). The
abeol ots valuss should nol, however, Le tuiwn to opply to these méasures in
geneal, Ao alvondy suggestod it 1s probablo that tho altuatien used in this
narticuler ciporimant 1s a rathor poor ono for olloiting tho lylug rosponses
The purpose of this oxporimont lo norved quite woll of courme vy thess rather
lou worcontagar, since thoy allovw room for improveoment by combinatlons, it
suct dmprovameont 1o pessibdlos

Tn Proecodura 6, 08.R¢ 1I from tho loft hand 1o oloarly tho boest single
variahle, ~nd it is one of tho boot in Prodeduro 7. Among the ether variables
whies: study was pursuod thore ia Litdle to ohoose on tho basis of poroont
Arkevkien 4n Prosvaire 6 Some notablo changes in tho rolstive valwas oocour
in Procodura 7., The major raagon for thoso ia disoussod bolow,.

Scrdal Posiﬁion E:fpata

11 thora are sorial woaltion affuots thoy must bo talon into account
in waking comparisoas Betwcen responses in trying to diseriminato botwoon
liee an” non-lios. Should qusstions oarly in a sories producn larger
ToSpina 8y for oxomole, a lic or non-lic rosponso comlng in that part of the

tho later part of thoe serlos,.

Accordingly tho data woro examined for serial position effocts, Tho
moan regponse to cach quostion was pletted for cach variable for quostliona
S-1L {Procedure O)s To avoid avoraging lic-and-non-lic«rosponses the Sts
wore divided into two groups: thoss who took dimes, ond thosc who took
quarteors,

Fim. U shows tho rosulis for the g.9.r.'s in Procedure 6. It is
Inmediatnly apparont that thoro 1s a groat deal of similarity in tho twe
sots of rosponses for cnch g.s.r. channel {and botwoeen shonnols as well).
The same varilations, morc pronouncod, if anything, appoar in tho timo moasurcs

for the g.s.r. (not graphed)s Thora soome to ba @ basie pattorn of altornato
lzrge ond $Rall TesponseSe

Thore wore, it will be remembored, twe forms of gqueation used, and it
might Lo supposad that difforencos in thoir offects contributos to the
sorial pattorn. However. comparine resnonsas 4z ths 4w forms wo find o
differcnco. The mean reasponse to tho one kind of question 1o 1230 and te
th~ other 1236, Obviously this Tactor is of no congequeses in the prosent
datas, {In gonoral, towevor, thore might boe a small difforoncc in the offcct
of tho two forms of question. In our oxperiment questions beginning "Ara
the «se " camg, on tho avurago, a 1ittle lator in tho sonies. and thair
offects may have boon slightly weakenod by that fact,)

Sore information cn tho affecet of tho coin denomination montdoned may be
f2und In the g-S.0¢ data from Proeodura 7. Hore tho moan position is about
| o JP N - »>- > ot — - = ‘_4”‘
the same for aneh donominatisn. Ruesponsed to 75¢ questions” and "50¢
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questiong" of course invelvad no liag in this aroup, The waans arn
rospectively 207 and L1861 for Gu8.R. I and 220 and .19C for 0.5.R. I,

The 10¢ and 25¢ questions, both invalving lies on the nart of some Sta;
averafed «225 and <227 for fe8¢Re I, and 206 and .223. For this groun, at
least, the anestions invelving 504 produce pemevwhat less response than those
irvolving B¢, while 10¢ and 2Y3 quomtienn have abowt equal offocts. Some of
the systematlo variation with uar‘&ﬁ nositien may, thorefere, be refarrad tc
tho d5f"eronce in sbimulatizn affoet of tho Jonemlnetione montiened.

T tha Proecdure 6 gager, Jdata thore Lo a suggostlon ol a deorasse in
response size a2 the ueriaa prosreascs. Mora complote Lnlormation is avnal»
avle frvm I'roCslur, 7 dabay, sinoe ouch question awpewrud onow Jn each thicd
of tho list, and cach bthird containod an aqual numbor of li.oe Tige 15 ds o
plot off the moan roaponso for each thivd of the lieb, TL s evidont that
thore Lo a londoncy fov rosponasn o diminlsh as the serdos poos ons This
igy of wouroo, a oowmon findlng In gesere worls

In certain othor meanurss thoro 1o a sugpostion of tho same poslilonal
or quuotion-contont offoot an soon in tho gedere Tl LOA-D shows the moon
tronds for four imperitant varlables used in combtinatlonal studies. In
breathing amplitude and velwa: pulan amplitunde, quootions 7 and 11, for
examplu, fovor n masn responso which lonlka ilke a lie rosponae whothor they
e assotlabed with lylng or not. Systolic pressure and pulse timo soem not
to bo affoctod in thie mannor. For the majority of sur variablas, thon,
‘horc arc responsos such that on quostlons 7 and 11.1lying offocts will bo
ruperimroscd on rea.tions which would be largo in any casa, whilo for
questions % and 10 thoy will be suporimgcded on rosponsos which aro otherwiso
small (comparad to 7 and 11),

Considering thesc faets one muat obsarve cortain procauticns in comparing
1io and non~Lio rosnonsos. \L} Tho wearing out of tho rosponsc must be
allowed for. {2) Lio and non-lie questicns muat be tho sams, or of ogual
stimlating vsaluc, TFor thosa roasons, in our vprincinsl analyses of dota

only 104 and 254 questlicna were considere d, thay bedng somo lles and some
nonuliﬁa in roanorso to coch, In Proceduro 6 the menn sorial position of

th: 10¢ quostions was tho samo as that of the 254 questions, In Procedure 7
there was a difference; probably nogligiblo, of ono positions This lechnique
would noutralizo position and content offocts to a great extont.

Effoct

+
o
1
=3
1
i
i}
ot
ot
|..s-

of Questions

Table T shows no consistont improvement betwoen thu diserimination
found in Procodure 6 and that found in Procadure 7. This ia surprising
boCause one would oxpect that tho incroased roliability providod by ropenting
tno guosiions would improvo tho discriminations To ocxamine this matter

Fecandla n dlem dadan Huacs Damamadicese o yonm A=t 3.3 3.4 . L. . R
«u'Au.L witc Aqua 1TV Jroveuusro I WO UAY MU Riiuis wiiteiGg -Jwbluvnvu, Cavil

centadning » comnlete cycle off money questions. Lie minus non-lle scoros
wore compulod for cach varieble for tho first sagmont and from tho first two
sogments for comvwarison with +ho scora from all thruos Table IT shows the
percantagca of discriminatien for these combiﬁatiOﬁe. The only variablos

+r I T cans Al Lo =1 e e L

LKd
WA &:ubii o uu.uab..uibkw .&-zh wlhione W, UL widhe J.‘\....s.-.a...ut Gz WGGRUIGG A ..%.u.a....‘b

are systolic wrosoure and ruathﬂnw aplituda,
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TABLE II
PIR CENT DETECTION BY 1, 2 AND 3 CYOLES OF GUESTI.ONS

- i g;‘éclo 2 ggﬁiﬁa 3 xg)cxoa
QSR 1Y T, 0 T2
Broathing Amplitude 68 6L 7
Systelle Ratle I 52 76 3
Palse Timo Ol 6l &l
Volumo Pulso 6l 5

J 7
(For the effacts of repotitlon on combinatlono of moaourses soc the following
part of thio saction,)

Tha relative constancy of Lhose dotootion peveontagos io aimilar to that
found in the exnloratory studisg of the g.u.r. ropovtod in a previous saction.
Bach "oyclo" of tho prosont study, of couwrse, included 2 lio roaponsos and
nrovided tha comparison datn for 2 nonwlie reuponses, Tho conoluwsion from
the carlier pgeooars. stadlos wao that moro than 2 pragontations of ovitical
queations in a aubting doon not dmvrove deteotlon.

In accordance with sampling thoory one would, of course, expact an
improvemeni in the reliabllity of meapuros af tho numbers on which they aro
baged dncrease. We doubtless have an incruacod rollability, but it is
reliatility of tho wrong measurs for the purpose al hand. The explanation
ls, no doubt, that with adaptntlon of responses the difforence betwson lie
responses and non-lie rospensas ig woakenod., (With comploto adaptation, of
courss; it would be zerc,) Twvidonce of this woakening 1o visible in tho
plots of the lie= and nen-lin- rosponsos in the thres parts of Procedurc 7
(Figs 17 = 22)s: In broathing and Wood pressure variables, rovotition of
the quustions inereases the diiferonce botwosn the liv and non-lie responsas.
In the other measures the differcnce diminishes to the vanishing peint.

twice for thesc moasures. A combination of #irst measuros on some variablo
and later moasurecs on others michi e most diseriminative.
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THE PROBILEM OF COUBINING VARTIARLUS 3
I, 5OMB REDATIONS BEIWERN LARORATORY AND FT®LD DETECTION

Exporimonts in which docoption 1o 4o bu gtudicd must have twe hasle
sltuations, an exporimontal slivation in whioh deceptlon is known to coour
and a control situation in whloh no decoptlon ocours, Vardous independent
varinbles (motentinl indlontovs of desepllon) may bo dofinad and studied,

In this ech“imantnl vrojooct n oonsldereble numbex of sush potential indjoa~
tora hava “oen conpidoreds In tho vranont chaptor of the roport, wo chall
first conalder tha {mmliontdons of oxporimontal rosulta for tho detootion of
decontion undar flold cenditione,

Wa beplin with n brlof cengldorntlon of oome woys in which indlcators of
doveption may bohavas Tho slwploat usable result would Lo the dissovery of
a single directly weastived Indlcator by meane of which the dedeptien situa-
tion conld bo distinpulshod from the control aitumation in ovory exporimental
subject without nny provious diapnosie of the subjeot. This stoato of aifairs
does not geem lllely to caouy, Anotlior gluple result would be the disde rory
of « single indlcator on tho baals of which different oubjoots might betray
dogention by roacting in opposlte diveotions. In this ocase it would bo
nrasible to distingulsh deception situatlons from control situatione for any
subjoot provided that the direction in which tho oubjact should react wna
kncwn from advrnce diagnostic information. When suoh diognosls ie necessary,
the dasign of suitable diagnostic situations becomos an lmportant expori-
mental wroblom.

Somewhint more complox rasults are possibla whon twe or more indlcators
arc congidefud simuitancousi¥es IV MAy 0o the cade that two indicitors san
bo found, cach of walch diseriminatos tho two situations to somo oxtont, but
noithor of which is adoquate for detoction in itself, If a polr of indica-
Yors with those charasteristics is Tound, Il 18 imporirnt to determing
whether the two indicators considerad togother yiocld mora informetion than
aither separatoly. In othor words, wa try to combing the two indicators into
a singlo now indicator which functions more adoquatuly than elther indicator
alona, As with a single, dircotly measured indieator, a preliminary dlagnosis
moy or may not ba nocoszary for the amployment of o combined indicator of
this kind. If Individual subjocuts beiray deccntion by characteristlc
natturns wh1¢n dmffer for differont subjacts, o preliminary diagnosis to
ul:xucu.m.x (8,5 mn:: IJU.I:.LUU..LU.L UU.UWJ.H J.UX.‘ uu.un ..I.UU..I.V \.uuu.l w.l..l..l. UU Je3 iVl T RaT10 & V. 0
48 ovidont that what has bosn sald above for two variablee cen bo extended
to the simultancous consideration of more than two variabtlss.

f;ua&&y, it may be tna case thod no BlnPLO variablo nor combination of
tions. This noeds ne furthor cnmmann. Bofore proceding “to a aigcuasiaﬁ of
combining indicators we take up 2 fow gencral consideraticns. In the labora-
tory, & knowledgo of the particular questlons on which lies oscurred is
available. Evon if thie kﬂowiodgv 18 not ”W“d- tha oxpar«mnntrr does know
that lics octur on SO0 quuaw.ous and nob on oUiGrSe 40 LhOBC FESpo ‘C"ﬁ s
laborahory sttuation 4 zﬁerb markodly from that in the field where any

» e bri] e e
m\nsecz ’3‘“.7 2y "“‘v' “3; u..;.; i "J"u »T '3-'«-!- "7, ':mt.&f'tsz 1-:.:.:::: TESno vuuv. Wit

gimple atastzonuoy«qgaatlon comparisons mads in the laboratory studies arc
of only partisl rolovanea fov tho situntism. in tho field.
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It would be possible to obbaln werfoot elassifieation of lles and truths
in the laboratory situation by methods whinh are completely iradequate in
the fleld. Thie possibility cooura bacauso in {lold applications, compari-
sons hetwaen quostions noithor of which avokts a Lia mugb be muds. To noe
this point wore clearly, wo cenalder some daba from one of sur g.o.0 oxpoeri-
ronta, and appond a fow romavka to olapliy vomo of tho Implications of the
important Aifferencs batwoon tho two slivationa,

n the srperiments wo have porformod a geGuonoo of quostiono was asied
and 1t was known in advanco that tho mibjoot would Lio to womo subsot of
quastlona in the goguonco. In the field sltuation a noquonco of gquostions
ig asked and on any pivon quostlon Lt 18 nob known whothor the subjoot will
lie or notsy ho may 1llo to all quostiono ond he may lie 4o notos Tor purposes
of furthor discussien wo inolude hore a portien of the data obbained for
liars in o.porimonte dosordbod in Chapters IX and ITT, Part I; fopother with
the oxpected vonults on & rroup of L0 non-liard; in tho carlior chaptors the
datn havo not beon worked up in quite thin form. Fox our present purposes,
wa ignore whatovor unraliability may bo presont in the datn, assuming that
the frequencios wo obparve are stable oxpootod froquonclos.

TABIE I
EXPRCTED FRIQUENOCI®ES WITH WHICH POSITIVE AND NREGATIVE

DIFFERENCES BETWEEN AVERAQGE TYTING AND NOM-LXING G«5.R4
DEFLEQTEI NS FOR 33 LTIARS AND Lo NON-LIARS

-~ +
Liars (Observed) 2 31
Non=-liars (Hypothotical) 20 20

From Tahla I we sco that a slmple classificaticn rule with the dividing
point at zero would give a fairiy aned classificati inra 1
two orrors would bs mado in 33 cases. DBut en the ne 5 ths plature is
different; nalf of these would ko mizclaseifleds Thus, out of the 73 cases
progonted in Table I. 22 errew agsdifisation would resulis. The numbar
ol viagsiiication arrors on non could be cut down by dichototilzing at
some pesitive valus instead of zoro. It is readily seen that the selection
of a large ncgative value as the point of dichotomy would yiold miscliassi-
flcations of all non-liars and the selection of a largs positive value would
result in the misclagsification of nll liars. As the point of dichotomy was
moved from a large negative ic a large positive valus, an opbimum sosition
could uaually ba found which would yecult in either a smaller number or a
gmaller proportion of total misclassifications than any othor point. (It
should be neted thaty; if one kind of classification error is considerad mors
seriouz thau the other, different wolghts could be assigned tec tho two types
and ain optimal point would be Found which minimized the welghted sum of the
orrors.; For a simple classifiecation orecedure of this kind, such an optimal
nolnt would alwsys Yo desirebic tut, even at the optimal podnt:; tho number

or clasegification arrors mipht o intolerably large. We ghall congider how
the number of thuse oYrols 6o o systomatically diminishod,

| 2ol ]
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To racilitate tho disoussion, we introduce Sono data on 26 liars Loom
tho cardiovasoular procodure togethar with goms hywothotical data on LO non-
llars. Agaln; we imere the unroliability of the data merely for purposes
of exposition. (In the hypothetldal porblon of Table IX, 1t 45 aseumed tha
the twe dndicavers are urcorrelated. This assumphlon *ﬂ falre and its
implications will bo indlcated bolows) Wo seo from Table IT that, if clasai—
fications arc based cn a simplo dichoteomy about weve approximately 1/3 o
the llars and 1/2 of the nonellara would bo incorrootly olansiliod on the

basis of hoart-rote. The corrooponding figaros for Llovd preaswro are 5/13
aud 1/2 rasneativelys Noithor olassifiloation Lo vopry offlciont with this
ornde dicheotony. Suppeco wa now baso our olasgifioation on both variubles
in thoe followlny wny: Subjoots orxhiblbing wositive Llood presvure diffop-
encas nnd nopative hoartd rate dlfforences ave non-lisrd., Subjooty with
thosa signs rovarsed nrs Tlars, Subjoots for whom both signs are in tho samo
diraction are clasalfiod as undotormined -« moro infovmatiion 1o necossary
bafore thoy onn Le dafiniloly olasoified. With this prosadure only 1/26 of
the Liare and 1/ of tho noneliare ara dofinitoly minolasodilad, so a conoid=-
arable gain rasnlts from the ago of the two vardoblo: . If tho varisbles viore
nagativoly corrolated there would atill bo a galn but for the noawliars it
would not be so large as in tho uncorrolotod onso. Accompanying this gain,
of coursc, thare is a lossy the clagsification of slightly over half the
subjects 1 undotorminud, The situabion with rospact teo unolassifiad subjoots
can be improved by ruvpoating tho oporations, Liare should stay in tho
"lying catogory! more conalstontly than nonaliura’ Tho romorks made aboub
optimum points wﬁth tho singlc varinble 1n Tablo I apply ngain to the

Wb 860, from this oxamolo, the goine in clagsification that rosult from

i 3 GAL LA neenl denfo 2 . M o Py A
whe atilizavion oo addibional information. The uss of a oruds dicholomy le

an aversimolification which facilitates deseripticn of the wroblem, but
which doos not reveal the full power ok nctzern analysis. The statistienl
methods of diseriminant functions can o ussd w find ths patiornse of vari-
ablog which bost difforentiate liars from non-liars arnd to provide opbimum
noints for tho classifications., With those morc roflincd tochuiques the
probiem of undctormined cases is i’.l'ff 06 means 48 inEeTlant af in the schome
of dichotomizatlion carrisd out above. Sinee the computationel teshniquos

ara laborious and timc~consumixg, diacrimdnant analysas have boon made only

on he datn from certain sclechsd sxpordments imvolving muscl ae%ian
notontiala thh auggastivc, but not yut conclusive, reau;ts. The mothods
simad ars dszaribod in ['o} PR INON 111'?‘ and UTTT  Dawg 1‘
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W FREQUSNOIRS OF FOSITIVE AND NEGATIVE SI0NS FOR THE
;‘ TYTMO-NONLYING DYNFERANOES IN NEART RATE AND
PLOOD DPREAGURE PR 26 LIARS AUD [0 NONsLIARS
g
: - -
% Blood progsuxro-k| 1 b 10
: Idnrs (ebgorvod) -~ B 8 16
J o 17 26
: Hormyd rato

e =
Blood progsurs ¥ {10 10 20

e . —— ot o

Non-liars (hypotheticnl) - 10 || 20

a0 20 Lo
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CHAPTER AA1

THE PROBLEM OF CQOMBINING VARIABLES:
ZIs RESULTS FCR PROCEDUNES & AND 7

to vconsidnr data in which o valuo for each of m Indloators has been
obtainad fop cach mombor of o sel of n individualas It wmay bo the oanse that,
althuogh ne eingle variablo provides somd doslred olaseifdoation of the
individuals, aoma cembinatlon of the vardiables will do sos Thare are many
ways in whioch tho vardablos ocan bo oombinade Tor tho detootion of deception
we wish to olassily a givon individual in a spoodfic oltuation an sithor a
liar or a nonsliar. %hon indizators are to ho comblned, 1t would be deglr-
nblo +o find that combinabion whioch minimleos the numbor of errors of olassi-
Fontion. Mmfortunately this camnot caslly bo dono inh any dirast mannor.

I all pongible ways of cembining indleatorn and all posaible srlioria
for a "pood combinubion! avo vonsldored 4t can be shown that in somo caosos
insolublo probloma rosult and ir othor cases tho solutione which exist aro
very difficults to achiove, By rostricting our conalderation to lincar
combinations of tho indicators wo oan soloot a ordterion for a "bost combie
nation! for whioch the mathematical colution vcan easily bo found. Whenovor
tho statisticnl distributions of the ind'wvidual indicators bohavo in a
ronsonably decent manner the solution which 1s obtained can bo aXpocted to
come roasonavly close to minimiziwg tho oxpoctod num* » of wisclassificatione.

The problom of combining indicators as we have posod it in intorpraiing
our data is clogsly related to a corragponding vroblem pesed by the taxono-
mist and solvad by means of discrimindant funotions, Tre selubion ig given
by Hoel (2)s A similar svlution for tho doception data is given in a mathos
matienl appendix following this soctions To 1llustrato tho meaning of this

T e id o T 14 5 JwmenTd $4 A !
sciuntion wo shall consldor a highly simplifiod swampls,
An Exampla
An Examp.l

The siiuation to Bo doscribed here narallels the situation in our
doooption data. Wa imagine that we have asked two quastions sf aach of
whroe subjeots and that each subject lles to tho first question and answers
the sacond quostion truthfully. It is expectod that lying should be ropres
sonbtsd By an incrcusod value of boin indicators, but the resulis arc nov in
haraony with this anticipation. Wo let xg be iho inercaso in vhe [irst
indicator from the non-lylug to the lying situation and X3 the correspendin

Bososomer w e Lo Alie mamaend Qewdd aadiaas Tom TAL o N e snduwsmes dhlrs swwnamontonad vemmee o,
AJIGAGENE LIl LT OQULHWU LMLV A UV & LA SLE e & A HLVISIE VU R OOWIHUWA A BWwlda wih
on tho three subjocts. TFrom Fige L we note tha following featuros. The

svorage increase in cach indicator is 4l units, showing some dlscriminative

powor 4in 4he individual indicetors. Each of ‘two subijacts oxhibits an
ineyrazec on one indleater and & deorease on the othey so thnk, an thae banis
of sign along, thess twe subjects are cases of indstorminate classificatior,
The third subjuct cxbibiis an increamse on GLoth indlcalors, Ws sook to
combing the two indicators into a singlc verinble z which raomoves the
indeterminacy, considering only lincar ¢embinaticons of the forwme

(L) 2= A 31{*;%23@
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FI0, 1 SCHEMATIC EXAMPLE FOIt COMBINING INDICATORS
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The "hant combination! in wivan by thoeo valuea of 1 whlan ainimiane the

—r-- ,,

ratio of the aguare of tha menn ‘Irq"tua of 7 o thy varisnoe of & Teoam

LA ¥ ethrawy e aw

aquation (12) of the apgom\ix, takting 0 equul to onc, wo have the two equa-
tlona to be colvad tor

(?) S,}. ll-!vsl? l&z = Xl

B1o ALt San Ao

1
F
a3

Uaing equntion (%) of tha appamelix nnd the data of the mresent examploe, we
ohtain:

Py e B [ (=10 (¥ (%) = 16 a Iy
owh [ ] el
() 8y w3 DO (D)) +(2)2] 33

392 = &' [(3)2"” (-‘1)2”' (2)9‘] “«ls l%

With thwes -aee {2) booomest

h7Ag ~28Ap 29

41

47 B
“25A+ LWTA, 2 9

Bguations (L) can be solved directly by submiiwction fer 3’{1 and ,'{2, The

solution is A1 = Ao 2 9 o If we had talen ¢ as 22/9; we should have
obtainad

1}

1
N v

(5) A; = X5 =1 ond thie solution iz mora convenient to use. The

T nd that we can male an nvb*trnrv ghoica of the constant o rafleacts maraly
that we nsed only relalive vaiues, nol absoluile values, (0 mekS SuUr Glassi-

fication,

In view of (1) and (5), wo take as our criterion variasble

£ (6) ave -+2,

0
+ian 4a rarvrant
w-cw-- Al - T S WY W

For our three subjects, the valuwes of z calculated by means
+92; and 4 ). SQinea thase ara g1l nositdvre. the alassificst

..... e - ia

in all three cases. The mean of these three values of z is 8 and the variance

L
P 3
5 btuvl6 ~ (837 4 '2“ . ienca the ratio of the mean squared to the wrariance
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14 ghiould be noted that thers arue other sots of welrhts which went !t
Lead to correct clusalfications in this example, Wa may, for exmmple | -l
3_1 a Ly )Lz = 2, and wriba:

9% » . e n
\') "‘uxl !_:C2

For tha thren subjecls we ebbain valven of 1, %, and B for #; these ﬁra again
all nogitive,  Thedr mean is L and thelr vardance in L+25+46) - ()2 ;7 ,

3 I 9
Tha ratdo af +hy maan snanspad bo Lhe veprdante of Whinoe m2acues Lo

(1%)2 / Zﬂ ) 1%3 2 2465 . Tyom tho smaller valuo of this ratlo we shonld
Y

not expeet ag shero A dlacebodnatlon wiing (7) as wa enuld obtain naing (4,
Te mit the matior anothor way, tho computational tschnique devolopoed in the
appoudix and uaed in obtaining (6) achiovoa o shard Asorimination baosuse
It loadn at one timo to 4 sob of rolabivaly homoponeous measures whose maan
ig rolatively lavpn,

Wo may furthor polnt oul eertaln difforoncos botwoen tho fleld situation
and vho lateratery szvarimonto. In the @ ta dlecussed bolow av well as in
tho gimpla exampla given above, it 1o known that both lying and truthtelling
oscurreds In tho field situation this rostriction on the problom is not
prosents values of 2 olbtained from twr nonalying qussblons weuld be equally
likely to be positive md nagative undor tho influence of chance offccts.

Gombination of Variables for Lie Dotoctlon

Tho Tollowing indicators from Procedurs § gave ovidence indiridually of

disecriminative power: The two measures o»f g.9.v., systolic prossurs, pulse
presture, volune pulse amplituda, pulsc rate timo, and pulze tima. Theso
Lidicators are dofined more procisely in a previous scctien of this roport,

In the pregent section, resvlts of the stuldy of their pradictive power
in combination will te renortod.

It Wil b revalisd thal, in Procudure O, quastions ralative to the
donominations of money taken by tho subjocts (nickels, dimes, quarters; half-
dellarg) wers askod; vndsr dhe osnditions eof the oxporiment oach subjoct

lied to a cortein subset of the questions. Because of the proscncs of
sequontial offucts in the recerds only subjocts who 1licd on ths quostiones
involving dimc: and quartors woro used in thoe combination of indicators.
There wore hit such subjocts from whom adequate data wera available. TFou
those subjocts, the clght indicators montiovned above wuro combinad by the
methods of the nrovious saction. The weights nbimined fer sash 7arisble arc

iiven in Tablo I.

TABLE T
Indicater Wicight
n.8.R, 1 36143
G.S.R. IT h11.h
Systelic prassua 235.7
Fuisd Progsuye =10
Yolums swlss amplituds ~365
Pulse {imo ~i5.6
Pilss rate Lims 15,1

¥

A et % - 4
< — ;‘&? A e
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The woightad linear sum of the lylngenonslying differences on those
measuras as they wore rand {rom the roecords was tsken as an ind!ateor
clagsification. Tha frogqueney distributicn of this indicntor is presented
as a histogram in Flg. 2.

Lo af
-

For the group of subjoots run in Proceduro 6 738 of tho lies ave
copraotly olassillod by moans of the ocombinative indiecators This fipurs is
rather disappointdng and ono oould do about as woll with one of tho gisers
measuran a'lono,

Far the 22 subjonte run throuph a roughly equivalont saporinontal
routine in Procedurs 7 tho woighte obtainud from Procodure 6 wore applied
to the now Jdatn fer a chooks On thia now groun BLY of tho lies were
correctiy elaseiliod, a fipuro that would seem to he accldenbally biph since
tho combinative indicator did not work thie wold on tho data from which the
welphte worae dovivod.

Vartmun nen-linoar combinations, suloctod more or less at hazard, were
triod, Thear ylalded porcontagos of correct classifications botwoon B0% and

90 and mhould ha ewslsrod furdhed,

Tt docs not soum to tho wrltor that thoso valuwes of 80-50% corruct
clagsiticatiena of iiara oun be much improved unkdl tashnigues aud sroosdurss
ara found tr ineronge the roliability of the individunl measurcs, The guos=-
tion ol roliabdlity is aven moro orucial in the ficld situation whore the
noasibility that no lles are told must be doalt with,

T T T LTI L e TR = R TN T e
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Derjvation of tha equatlont

ta congidor moasuremonts of w variablos on n subloots and lot xg
ropragont. the moasure of the JEN vapiable obbatnud an the 1¥ ~ubjet und
lot X4 reprogsont the moan of tho AL varlablo ovor tho groun of subjocts.
For oach subjoot and any oholoe of 'hd wo oblaln a moasuro which 4o a linear
sambination of the moanuros dircotly obbalnoed on that subjoot according to

(1)

fnz

(1} Z{ -

A iy
1 g

[ 3
i3

The moan valus of the 2ts da rivon by (2)

n nomo
(?) Fal ¥ 2x15 5 Ayxqye
n ial n izl Jul
m n mo
15 03 Arxyy - I A4y
n J=1 isl 1=
whonco

The varianco of the z's is glven bv (L)

(L) 6z2 - lz (21_-.-2-)2 = .;;Z {‘):A.\(xi* - Esﬂ 2
n i nify 7 ™ A

215 2 2 A (myy - By Grgye - %)
nigx
:2"5: ;‘J :‘k S;}k s Whore
j k
[ el - - ( V4 e\ -
i) aj}( = ;Ez.f \Xij - xj) (Eqe ~ Xk)
n

%44 K - §3 X 5 the numerator cccurring in the

-
24

d

58 f1es

srdiaary formile for the correlation vecfficlent of xj and % .

. . ¥ .
72 - el

%
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o noxt dofdro

(6) Uz P , whoro 72 and ¢ ,2 ave iven By (3) and {l) ond sook
T
%
valwos of A which maximizo Us In othox worde, we dosiro m values X, such
thai,
(7 Jl{ n 0y ta l, 2y eneey Mo
3'1?

S

tmpltan (3)¢
(8) 5)0',,2: a_'zr y ¥ e ly 25 saee, Mo

1
.. YY-*;*
¢ A 2,

From (3} and (L}, we sse that

T+ 15 anatly ahown by alamentary Coymulas of dLLCerontiation that (7)

"

1!
(9) 22z 2%, 5 Ay Xy and

=3

(10) 6,2 =25 A4Sy

= J=1
3 A.

Substitution of (9) and (20) into (8) aives (11)s

a, . mo. o -
(i1} 2 A5 Sj _2___ i K3 Fp s T =L, 2, ecrey Me
3=1 ’ 7
-~T~
Wa next note that z 21 x4 is independent of r and hence car: te given any
3=l
u

- . N L
1je Then (11} bocomes (12):

m
» - - -
(“ szsjrﬁc r s P zl; 2’ cnasy IMe
el
o .-
Fqua‘t.iom‘ (12) are zeen in view of (5) to be formally identical with the
allions oy the n.—,-n_.a-!-nnr%a-m ized ragressions in mulidple regrassion
\;“u\‘r‘-w EX 1Y ol APy A LR d ] P WA s Sl huade e ey S0 AP Ty R ad MQ'._H-Q--... -a« -‘ -~
problems (Guilford, 1), Thoy can W writdon so thal the Doclittle teshnique
can be amployed te solve for the m valuen of A

<t iiard TR ETNE |tpein oprmoid ¢
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